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This book covers just about every type of 
transistor radio receiver which the amateur 
can tackle, and develops these from the basic 
crystal set to the advanced superhet model. 
The receivers described have been confined 
entirely to the transistor type, as valve sets 
are now quite out qf date end furthermore 
have the disadvantage of requiring mains' 
voltage. 

The author has made a great point 
throughout the book of not being too tech¬ 
nical for the beginner, and has been emin¬ 
ently helpful with such difficult problems as 
the interpretation of circuit diagrams and the 
soldering together of components. There are 
also innumerable valuable tips to the reader 
on how to achieve the best results without 
recourse to any elaborate or expensive 
equipment. The final chapter dealing with 
printed circuit sets will also make this more 
advanced process fully intelligible to the 
beginner. 

Each and every stage has been carefully 
illustrated with the author's own line draw¬ 
ings in order that the reader may visuafize 
all his problems before he sets about resolv¬ 
ing them. The keen beginner should therefore 
be In a position to become completely 
expert at building a variety of different types 
of receivers during the course of working 
through this instructive book. To be able to 
build a working radio receiver provides a 
first-class pastime - and a very rewarding 
one “ and this is the book which will enable 
you to get the most satisfaction out of this 
particular hobby. 
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INTRODUCTION 


T he home construction of radio receivers used to involve large 
aluminium chassis, valves, a cumbersome mains 1 transformer* a 
collection of other large components and an extensive wiring up job. 
The finished job may have looked impressive as an example of working 
electronics, but pretty 'messy 1 unless enclosed in a cabinet. Today 
similar—or even better—performance can be realized with transistor 
receivers, taking up no more volume than a pack of cigarettes. 

'J ransiston, in fact, have revolutionized amateur radio construction. 
Although one still finds designs lor valve circuits published from time 
to time, they arc quite out-dated—museum pieces rather than present- 
day projects. Transistors make radio receiver const ruction so much 
simpler—and cheaper* And, of course* they have the advantage that 
they work off low voltages, readily supplied by small dry batteries* 

I his book covers a fairly extensive practical course in transistor radio 
receiver construction^ Theory is not all that important. Any radio 
receiver can be split up into separate stages, and there are basic practical 
requirements for getting each stage to work—the types and values of 
Components required, and how they should be connected. The most 
important thing about the end product—the finished receiver—is that 
it should work, and give a satisfactory performance. 

No previous knowledge of radio is needed to build successful receivers 
to the various designs given, although for the absolute beginner it is 
recommended that a start be made with the very simplest type, the 
crystal set (Chapter ^}, Certain techniques have to be mastered, how¬ 
ever—especially the art of successful soldering (which is really very 
simple, provided you go about it the right way). The first three chapters, 
therefore, are devoted to principles and techniques, and are important. 

The remaining chapters then describe designs of the various different 
types of transistor radio receivers, virtually in increasing order of 
complexity. Each circuit is treated in a practical manner, but with 
descriptions of how and why each works. Regard each as a practical 
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project well worth attempting—and the background descriptions a 
‘painless’ introduction to receiver design theory! You should, in Fact* 
end up as quite an expert on amateur receiver design and construction, 
for the coverage offered by this book is quic comprehensive as far as 
receiver types arc concerned; and the subject is a fascinating one lot 
anyone who likes making things that work. 

R.H*W + 1970 














CHAPTER I 


HOW RADIO WORKS 


E veryone is Fairly familiar with the idea of sound waves radiating 
from a source—rather like Lhe spread of ripples on the surface of a 
still pond after a stone is dropped into it. Like ripples on water, however, 
sound waves are only able to travel for relatively short distances since 
the energy associated with the passage of the sound wave through the 
air is 'damped' or dissipated by the resistance of the air. 

Tins is illustrated diagrammatically in Fig. 1, the ripples representing 
the sound wave for series of waves), decreasing in * height’ (or amplitude 
to use the technical description). The actual waveform is represented 
by a section through the Vipples 1 taken along a particular direction, 
and it is quite noticeable how this decreases in amplitude with distance. 
The amplitude represents the energy content of the wave, and at a 
distance from the source this becomes too small to be audible. 

The only way in which this limitation can be overcome—i.c. to make 
the sound audible at a greater distance—is to increase its volume, or 
make the amplitude greater to start with. This is the principle behind 
the loud-hailer, or public address system, which amplifies or magnifies 
the original sound* but again there are obvious Limits to what can be 
done in this respect* 

The other thing about sound waves is that they are affected by wind* 
A following wind will increase the distance over which a given sound 
can be heard, and a head wind has the opposite effect* Another factor 
which can be significant is the presence of other sounds (from other 
sources), which can mask the original sound in which we are interested* 
To transmit sound over long distances some other method is obviously’ 
necessary. One method is to turn the sound waves into electrical 
waves which can be transmitted along a length of wire—Fig. 2. This 
is the principle of the telegraph or telephone. There arc several immed¬ 
iate advantages. The transmission is completely free from wind effect, 
and from external sounds (provided these do not reach the microphone), 
although there may be some H noise* generated in the electrical circuit 
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Fig, 1. Diagrammatic representation of wutt<l wants, showing fait off tri with distance 


itself. Also, to cany the sound over a great distance, it is only necessary 
to increase the length of the wire. There will be some loss of energy, due 
to tlic electrical resistance of the circuit, but this can be overcome by 
inserting another unit to boost or amplify the electrical waves, if 
necessary. And electrical waves arc easy to boost In this manner, 
whereas sound waves are not. 

The other alternative is to turn the sound waves into electrical 
energy which is then transmitted through the air, rather than along a 
wire. These waves can then be picked up by a distant receiver, which 
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EARPIECE 


Fig. 3, With Salt phonic f.ommnmtaiian a Steady D.C. current u varied hy change in resit Jance 
of a microphone, earned by impingement of sound on if. The earpiece reverse .f the process to 

reproduce the current variations as sound 


then turns the electrical waves back into sound waves. We have all the 
advantages of the telephone system, without wires, plus the fact that 
the range can be extended to thousands of miles without too much 
trouble. This is because electrical waves transmitted through air puffer 
very little loss of energy, and in fact do not need air at all to conduct 
them. They will travel just as well through empty space. 
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Another important difference, compared with sound waves, is that 
electrical waves are much more closely spaced together, or have a 
higher frequency, than sound waves. Sound waves range in frequency 
from about 30 cycles per second* (a very low note) to about 16,000 



cydea per second* (which is a very high pitched note and about the 
upper limit for audibility). Electrical waves within this frequency 
range can be transmitted dong a wire, so that a telephone is a simple 
and uncomplicated converter of sound into electrical waves, and vice 
versa. But to be capable of radiation through the dr the electrical waves 
must be or much higher frequency* The latter type are known as radio 
waves and may have frequencies ranging from about 150*000 cycles 
per second up to several hundred million cycles per second (sec Fig.g;), 
Sound frequencies are known as audio frequencies (AF); and radio 
frequencies as radvi-frequendes or RF. 

It also follows that radio wavs are of much too high a frequency to 
lie heard—the upper Limit of frequency for audibility being only about 

* A 'cycle" means A complete wave ‘up and down\ The rate at which 
these waves vibrate or oscillate is known as the frequency* expressed as so 
many cycle per second. In the case of radio waves, the frequency is normally 
specified in kilocycles per Second (1 kilocycle being equal to 1,000 cycles); or 
megacycles per second (1 megacycle being equal to 1,000,000 cycles). To 
conform to international standards the term ‘cycles per second' (or c/s, as 
an abbreviation), is now replaced by the single word "Hertz 1 (abbreviated 
Hz). Kilocycles per second thus become kilo Hertz (kHz), and megacycles 
per second megaHertz (mHz). 
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16 kilocycles per second. Radio transmission thus involves the complica¬ 
tion of first turning sound frequencies (AT) into radio frequencies (RF) 
for transmission; and then reconverting radio frequency signals [RF) 
into audio frequencies (AF) at the receiving end. The first is done by a 
radio transmitter; and Lhc second by a radio receiver* There arc also 
other com plications, such as the necessity of transmitting various 
different sounds simultaneously, which we will come to a little later. 

One other important difference between radio waves and sound 
waves is that radio waves travel at a very high velocity—i 36 ,ooo miles 
per second, which for all practical purposes means that radio waves 
take no time at all to travel from one point on the earth to another [a 
radio signal would only take about one and one-third seconds to reach 
the moon). Sound waves, on the other hand, travel relatively slowly— 
about one-fifth of a mile per second, or 73a miles per hour. This is 
because they arc pressure waves, whereas radio waves are electromagwtk 
waves. We can hear (and feel] pressure waves (i,c* sound), hut not 
electromagnetic waves. 

We have mentioned the wide range of RF frequencies in use. These 
can be divided into various 'bands', via: 

Long ware—150 to 500 kHz [kilocycles per second)* 

Medium wave— 500 to 1500 kHz (kilocycles per second)* 

Sfi&rt wave— 1-5 to 30 mHz (megacycles per second). 

VHF (very high frequencies)—above 30 mHz (megacycles pet 
second}* 

The descriptions 'Long Wave 1 , ‘Medium Wave' and ‘Short Wave* 
stem from die original method of designating a broadcast frequency 
by the wavelength of the signal—in fact, tuning dials on radio receivers 
are still more commonly marked in wavelength than frequency* 

We can convert from wavelength to frequency, or vice versa, by 
using the simple relationship; 

wavelength X frequency = velocity (of dcctromagneiic waves). 

However, wavelength is always given in metres, so we must also express 
velocity in similar units, i.c* 300,000,000 metres/second* Thus: 

wavelength (in metres) X frequency (cycles per second) = 300,000,000 
or wavelength (in metres) X frequency (in kHz) —* 300,000 

or wavelength (in metres) X frequency (in mHz) = 300 
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The corresponding wavelengths for the various bands mentioned 
above arc thus: 


Long wave—2,000 to 600 metres 
Medium Wave—600 to 200 metres 
Short Wave—200 to 10 metres 
VHF—less than 10 metres 

Each radio transmitting station has its own particular RF frequency 
(or equivalent wavelength), allocated by Interna don al agreement. Any 
one station always operates on this frequency (although it may also 
put out the same programme on other frequencies in different bands). 
A radio receiver is made * tunable* over a range of frequencies, so that 
it can be adjusted to pick up the transmissions of a number of different 
transmitting stations. Due to technical difficulties, it is virtually impos¬ 
sible to make a receiver tunable over the whole range of RF frequencies 
from 150 kHz to over 30 mHz, and so separate tuning stages are pro¬ 
vided for each band. Some receivers may have only two tuning bands— 
Long Wave and Medium Wave, Others may also include a Short Wave 
band, and possibly a VHP band. More specialized receiver designs may 
Cover only the Short Wave and/or VHF hands and split these bands 
into still further sub-bands for ease of tuning. 

The same principle applies throughout, however. A radio receiver 
is made tunable to a range of RF frequencies (or equivalent wave¬ 
lengths). That in itself is quite a simple process, involving only a 
minimum of components. The snag lies in the fact that the RF signal 
picked up by the receiver is completely inaudible—it is well above the 
range of audible frequencies. It is necessary to modify the RF signal in 
some manner so that it can transmit speech and music, i.e. audio 
frequencies, capable of being decoded and put Out as AF by the receiver 
via an earphone or loudspeaker. 

The manner in which this is done is as follows. The RF signal trans¬ 
mitted by the radio station is of fixed frequency, equivalent to a single 
‘note 1 , but of far too high a pitch to be beard. The AF content of the 
programme to be transmitted is superimposed on this fixed frequency 
signal, causing It in effect to ‘warble* at audio frequency. 

Technically this is called modulation. The fixed frequency RF signal 


Note: if talking in terms of wave¬ 
length only these figures would 
► normally be quoted the other way 
round, as the band range, c.g* 
Long Wave 600 to 3,000 metres, 
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is called the carrier t so that when the AF content is superimposed the 
actual signal put out is modulated RF. Fig. 4 shows this rfiagrammatically. 
With the transmitting station switched on, but not actually broadcast* 
ing, just the carrier signal is being put out. Once the station starts to 
transmit speech or music* the signal turns into modulated RF. The 
RF frequency remains unaltered, so a receiver adjusted to tile same 
frequency will remain tuned inj but additional components in the 
receiver can nqw demodulate or detect the RF component of the signal, 
extract it From the carrier, and feed it to headphones or a loudspeaker 
to transform it back into audible sound. 


AF worn AT I 0 W 



That is really all we need to know about the process. All the necessary 
modulation is done by the transmitting station. The receiver merely 
has to be made tunable to die carrier frequency and given the ability 
to extract the AF component of the modulated signal. We might, how¬ 
ever, have a look at the two different methods of modulation employed, 
as these will affect the design of the receiver. 

The type of modulation shown in Fig. 4, where the carrier remains 
at the same frequency, but its amplitude is varied by modulation, is 
known as amplitude modulation (AM). Tins Is used on the Long, 
Medium and Short wave-bands. In fact, the form of the modulated 
wave shown represents modulation by a single AF note. In practice 
many different AF notes will be involved in superimposing speech and 
music on the carrier, so that the actual shape will be very much more 
complex, and continuously varying, e,g. see Fig. 5. This does not affect 
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HOW RADIO WORKS 

the issue at all, as demodulation by the receiver remains basically 
straightforward. 

The other type of modulation is known as frequency modulation 
(FM). This has a number or technical advantages over AM, but also 
necessitates the use of a much higher carrier frequency. FM is thus 
restricted to the VHF bands,, usually from about 50 mHz upwards. It 
also involves die use of a different type of receiver design which is 
considerably more complicated and generally outside the scope of 
straightforward amateur construe Lion* as most VHF receivers are. 



Hr. 5* Thu if how a madnlnWd RF signal iWitfd appear prl an oscilloscope. The RFcomponent 
being of very much higher frequency fftian the AF modulation, will Completely 'Jilt 1 the. jagged en- 
f elope and thus faiiffnUy transmit complex sounds in the farm of modulation 


For the sake of completeness* however, we will describe the system— 
a typical FM signal being shown in Fig, 6, It will be seen that the 
amplitude of the transmitted signal remains the same, but ihe jrfquetuy 
varies in a manner which exactly follows the superimposed speech or 
music (AF content}. This is seen as a compression and expansion or 
die carrier. Il is obvious diat a different type of receiver is required 
both to stay ‘in tune’ with the station els its frequency varies^ and to 
extract the AF component or the signal. 

We can now set down the basic principles involved in the design of 
a simple radio receiver. First we need a means of picking up the trans^ 
milter signal. The simplest way of doing this is to use a piece of wire, 
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MAKING TRANSISTOR RADIOS 

known as an aerial* If this is cut to the same length (or a multiple or 
Fraction of the signal wavelength) it will receive the signal at maximum 
possible strength. Such a fixed length of wire would, however, be tuned 
to a particular broadcast frequency only (although it would pick up 
signals of other frequencies more weakly). 


n rs r 








Fig. 6. With frequency modulation (FM), the RF wave has Constant amplitude but frequency is 
varied f as shown by the compression and expansion of the wave pattern 


To make the aerial ‘tunable’ we need to add a simple circuit to it, 
com prising basically a resistor and a capacitor, the value of one (or 
both) of which is variable. This will make the response of resonant 
frequency of the aerial/circuit combination variable in order to tune 
in to get maximum signal strength over a range of frequencies. The 
addition of this ‘tunable circuit’, or tuned circuit, as it is usually called, 
also makes the aerial length far less critical, ll can be much shorter, 
wound in the form of a coil for convenience and become a part of the 
tuned circuit itself (i,e. the resistor component). An external aerial 
wire then no longer becomes necessary. Most modem domestic radios 
utilize this configuration. However, satisfactory performance in such 
cases depends on the tuned circuit—or more specifically the coil com¬ 
ponent in the tuned circuit—being very efficient. With less efficient 
coils, and particularly in areas of low signal strength, the addition of 
an external aerial to a tuned circuit will improve reception. More on 
this when wq come to making up tuned circuits for simple receivers. 

Having tuned in to the frequency required—and provided adjust¬ 
ment to tunc into different frequencies to pick up different stations— 
wc have ‘captured’ the modulated RK signal in the tuned circuit. All 
we then need is a detector to extract the AF component, when this can 
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Fig. 7. Btosk diagram thi simplui layout Jbr a radii riceiver 


be fed directly to earphones to mike the incoming signal audible— 
set Fig, 7. 

Such a very basic receiver docs, nonetheless, have serious limitations, 
mainly because the actual signal level received is very low and the 
detector merely extracts from this and docs not boost it in any way. The 
amount of AF volume realizable is dependent entirely on the strength 
of die incoming signal and the efficiency of the tuned circuit in respond¬ 
ing in that signal. 1 he AF output power will only be capable of driving 
a small deaf-aid type earpiece* and then the volume will be quite weak. 
Only local broadcast stations* or very powerful stations, are likely to 
be picked up at ‘hearing leveT. 

Having ^ the signal into the receiver, however, and extracted the 
AF component, we can boost or amplify it by introducing an additional 
circuit into the receiver. This is known simply as an amplifier, and 
we can add one or more stages of amplification, as necessary, in order 



if deiicitd Ak Signal is haosted by an A F autphjisr f student output potvtf t: 
nimltibk to Operate ff Ivtiilspcakcr 
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to boost the AF signal to a level sufficient to power a loudspeaker and 
make for comfortable listening—Fig. 8. 

Theoretically we could go on boosting the AF signal to any required 
level in this way, but there are snags. Besides boosting Lhe AF signal, 
amplification will also boost any unwanted signals which may also be 
present in the ‘extracted 1 RF, and each stage of amplification will 
introduce some distortion in the AF signal. We could end up with a 
very loud, but badly distorted or even unintelligible RF output from 
the loudspeaker; There arc thus limits to the practical amplification 
which can be provided, especially with transistor circuits, but there are 
also other little tricks of receiver design which we can use to improve 
both the output and quality of the reception. These will be discussed 
in the descriptions of the various receiver designs which follow in later 
chapters.. 
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CHAPTER 2 


RECEIVER COMPONENTS 


jLll the circuits described in this book arc based on semi-conductor 
/\de vices {diodes and transistors)* Since these arc miniature com¬ 
ponents* it follows logically that resistors, capacitors and other com¬ 
ponents used should also be of miniature or sub-miniature types—all 
of which are readily available from amateur radio supplies shops* or 
the larger firms of this type which specialize in mail order. A catalogue 
from one of these firms is, in fact, an invaluable guide in selecting—and 
also to a large extent, identifying—suitable components to the values 
(or type numbers) specified on the circuit drawings given in later 
chapters. 

It is necessary', first* to familiarize ourselves with the shape and 
appearance of typical components, their electrical (or circuit drawing) 
symbols* and their electrical characteristics. We will thus deal with the 
main components under separate headings* 


Resistors (old name 'Resistances’) 

Physically, resistors are small, cylindrical-shaped objects with a 
length of tinned wire protruding from the centre of each end—sec 
Fig. p. They are actually made from powdered carbon mixed with a 
binder and fired in an oven to produce a hard* rigid shape. The body 


_ LETTER DttlGHATIQN 

VMA/- 

SYMBOL 


Fig. 9, Resistors ors marked (colour coded) os shaft >n. Symbol used to designate a resistor on 
a circuit drawing is cither a ' iquiggit' or a rectangular box 
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cover is usually dark brown, but this is encircled with three, or lour* 
coloured bands. These coloured bands show the value of the resistor, 
according to a standard colour code. 

If a resistor has four colour bands, the band nearest one end will 
either be silver or gold* A silver band indicates that the resistor is 
made to a performance tolerance within plus or minus 10 per cent of 
its nominal value (given by the colour code)* A gold band indicates 
that the resistor is made to a closer tolerance of plus or minus 5 per 
cent* The absence of a silver or gold band simply means that the resistor 
is made to normal manufacturing tolerances of plus or minus 20 per 
cent of the nominal value* 

The resistor colour code is read in the order shown in tig. 9, i,e, 
starting with the colour of the ring nearest one end (or nearest the 
opposite end of a silver or gold band, if present)* The complete colour 

3rd ring gives number 
of noughts to put after 
first two figures 
none 
one (o) 
two (00) 
three (000)* 
four (0000) 
five (00000) 

BIX (OOOQOO)** 

seven (0000000) 
eight (00000000) 
nine (000000000) 

Tlius suppose the rings on the resistor were—1 —red; 2~yiolet; 
3-orange, We then have: 

red— a followed by violet — 7 followed by orange = three 
noughts 

or 27,000 ohms or 27 kilohms. 

It will also be found that resistor values do not go up in equal steps, 
* or Kilohms ** or Megohms 






code b as follows: 


Colour 

BLACK 

BROWN 

RED 

ORANGE 

YELLOW 

GREEN 

BLUE 

VIOLET 

DREY 

WHITE 


ist ring gives first 2nd ring gives 

figure of resistance second figure of 

value resistance value 


o 

1 

2 

3 

4 

5 

6 

7 

8 

9 


o 

1 

2 

3 

4 

5 

6 

7 

S 
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but rather in preferred values. The following is a list of preferred values, 
from which it will be seen that if wc wanted a resistor somewhat 
greater in value than 100 ohms, say, the next standard value would be 
120 ohms, and the next one after that 15,0 ohms, not equal steps of 
5, 10 or 20 ohms at a time. 


Pre ferred values 
in vhms 

10 

12 

<5 

18 

2a 

27 

33 

39 

47 

50 
63 
82 
100 
12 o 
I5<» 

180 

220 

270 

330 

390 

470 

560 

680 

820 

1000 {1 kilohm) 


Preferred values in 
kitehms ftr megvhms 
1 

I + 2 

J '5 

i'8 


2-7 

33 

39 

47 

5-6 

68 

8 -a 

to 

t2 

*5 

18 

22 

a? 

33 

39 

47 

56 

68 

82 


For the purpose of drawing a resistor on a circuit diagram, the 
symbol used is a squiggly line —see Fig T 9. In Continental practice, 
resistors are drawn as rectangular box shapes and this can be regarded 
as an alternative symbol. It is becoming increasingly common to find 
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‘boxes’ used instead of ‘squiggles* for designating resistors on circuit 


drawings. The actual value of the resistor may be written in over die 
top of this symbol t or Lhc particular resistor designated by a letter and 
a number. The letter R is always used in such cases. Since there will 
usually be a number of resistors in the complete circuit, each will be 
identified by die letter R and a number, Ri, Rz, R3, etc. This makes 
it easy to refer to die position of individual resistors- in the circuit. The 
values of each of die resistors is then given separately in a components 
list r The word ohms is usually omitted, i.c. just the value given as a 
number, although die symbol Q may be added to designate ohms. 
Values of 1,000 ohms or greater are designated by K or KQ (i.e. 
kilohms). Thus the figure 470 appearing by a resistor would designate 
a value of 470 ohms; whilst 4^K would designate a value of 4-7 kilohms 
or 4,700 ohms. 


LETTER DESIGN ARON 
R OttM 






SPINDLE 


RESISTANCE 





Fig, ID, Tht BOtia&U mister or potentiometer, Note th* inlrnu/ connections. All three 
toils, erjuit the rmln tag and bum end may he cometted tip. according to the type of circuit 

The other type ofresistor met with is a variable re$istor t which is more 


usually called a paitntwnuUr. It usually has the appearance shown in 


Fig, to, with a centre spindle which is turned to vary the resistance. 
There are some types in the shape of a slide, however. The symbol used 
is the same as for a (fixed) resistor with an arrow through it 

A potentiometer always has three connecting tags. The outer tags 


arc connected to the ends of the resistance track (which may be carbon 


or a coil of resistance wire). The centre tag is connected to the wiper 
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which moves over the track as the spindle is turned- To connect a. poten¬ 
tiometer into a simple circuit as a variable resistance, therefore, 
connections are made to o ne of the end tags and the centre tag, 

Potentiometers are mostly used for volume controls on radio receivers. 


Capacitor;, (old name 'Condensers'} 

Capacitors may be similar in appearance to resistors, but slightly 
larger, a more sausage-like shape with rounded ends, disc-shaped or 
wafer-shaped— sc* Fig- tl. Their value is almost always marked on the 
hody in mF (millifarads, or one-thousandth farads); pF (microfarads 
or one-millionth farads) S or pF (picofarads, or one million-millionth 
farads). 


PLUS 5JM 


HI- HK 11 I 




CAPACITOR 


VARIABLE 

CAPACITOR 


ELECTROLTnC CAPACITOR 


Ptg. it. The iymbals icAicA may ht ttttd to designate capacitors ott <? cinutf drawings In 
practice, all capacitors /torn o-1 microfarads up art electrolytic type 


There is also a special type known as an electrolytic t&patitor which is 
almost always readily identified because it is enclosed in a metal case 
and one end is painted red or marked + or positive. Electrolytic capaci¬ 
tors are used for larger values than it is possible to make in simple mica, 
paper or ceramic types, II is very important that they be connected the 
right way round (positive to positive in the circuit), otherwise they will 
be ruined. This is because the dielectric material in them is formed dur¬ 
ing manufacture by passing a current through them in a certain direc¬ 
tion, and if a reverse current is applied when they arc used in a circuit 
the dielectric will be broken down. 

The symbol for a capacitor is two thick parallel lines, as shown in 
Fig. ii . In the case of an electrolytic capacitor the + and — sides may 
also be marked to show which way round the capacitor is to be connect¬ 
ed, but this is not invariably done on circuit drawings. An electrolytic 
capacitor may also be indicated by using one solid and one ‘open* or 
outline bar for the symbol, in which case the solid side shows the — 
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side* Sometimes two outline bars arc used to designate an electrolytic 
capacitor to distinguish it from an ordinary capacitor, in which case 
+ and — sides would normally be marked. In American practice one 
bar is curved and one straight to designate a capacitor. The letter used 
to designate a capacitor is C, the different capacitors in a circuit being 
designated Gi, C2* etc.* as with resistors. 
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Fig. 13 * A, Miniature capacitors. B r Ceramh trimmer (capacities up t# jp pf) 

C. IF Transformer. D. Transistor holders {with mounting rings). E, Sub-miniature tmtifor 
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RECEIVER, COMPONENTS 

Seme other types of capacitors arc shown in Fig* 12. For miniature 
receivers mica compression type or ‘trimmer" capacitors arc most widely 
used because of their compact size. A variable capacitor together with 
an aerial coil is employed for the tuned circuit in practically aJJ radio 
receivers. 


Diades 

A crystal diode is somewhat smaller than a sub-miniature resistor 
and comprises a germanium crystal enclosed in a tiny glass envelope 
with leads emerging from each end—vr« Fig. 13, Like an electrolytic 
capacitor it is marked with a positive end (usually painted red), thus 
identifying the proper way round to connect it (although in many 
circuits tills polarity is not important)* 



CUE 04} MINTED RED 
OR HARKED 4 


SIGH KAY MQHITTft 



srmoc 


CIRCLE HAY 
BE ADDED 


13- Apptm{ifxt of a geraiamum diodg, anti nymholg used 


J he action of a diode is that of a ‘onc-way^only 1 conductor. Current 
flows readily through the diode in one direction* but the diode offers 
very high resistance to current flow in the opposite direction, equivalent to 
cutting off the flow entirely. It is this unique property which enables the 
diode to be used as a dtttdor to chop off the "bottom half" (reverse direc¬ 
tion current) of a modulated RF signal applied to it* It passes only the 
‘top half 5 of t he signal which then contains a DC component varying with 
the mudulation, i.c* passes a DC current varying in an identical pattern 
to tliat of the AT modulation applied to the original carrier signal. 

The standard symbol for a diode is also shown in Fig* 13. The 
standard letter for designating a diode is D. No value would be associ¬ 
ated with such a component. Any figures of letters appearing alongside 
would refer to the type number or manufacturer's coding. 


Trunsiilori 

Transistors take the place oi valves in modern radio receiver circuits* 
They are somewhat similar in basts to diodes* but with an additional 
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element and three leads, and electrically equivalent to a iriodc valve 
in many respects, They come in various shapes and sizes but the main 
types which are likely to be met arc shown in Fig. 14, 


BASE 




collector 

CGUECTUff 


EMITTER 


MS 


EMITTER 


COLLECTOR 


PWP tf-P-N ' 



3 


Fig, 1 4, Various symbols used for tmautm; alto flit tivo common forms of transistor lead 
configurations (the triangular CQlfigUtQtifm being character iitic of aider types) 


The three dements in a transistor are known as Lhe Base (B), Co lice* 
tor [C) and Emitter (E), These are connected to the three thin wires 
winch emerge from the bottom of the transistor and it is important to 
be able to identify these properly. If a transistor is connected up the 
wrong way round, not only will it not work but it may well be ruined. 
This a pplies both to mixing up the leads and getting the polarity of the 
connections the wrong way round. 

The collector lead (C) is invariably marked by a coloured blob or 
spot on the case nearby. Base (BJ and emitter (E) leads are then identi¬ 
fied by the positions shown in Fig. 14* looking at the bottom of the 
transistor from which the leads emerge. On older type transistors the 
three leads are in line. The collector is again marked with a white or 
coloured spot. The emitter is then the farthest lead away in the line 
and the base the one next to it. Base and emitter leads are always 
closer to each other than to the collector, whatever the arrangement of 
leads. 
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There is an exception in the case of a power transistor. This may have 
onJy two lends, in which case the collector is electrically connected 
internally to the case and connection is made to it by a tag held in 
contact with the top of the mounting base by one of the mounting nuts. 
The two leads are marked £ for emitter and B for base on the bottom of 
the transistor. 

Transistor can be of two types—P-N-P or N-P-N. P-N-P transistors 
are mostly used in this country (Japanese radio engineers prefer 
■N'F'N types)* With a P-N-P transistor the positive battery supply 
must always be connected to the emitter and the negative supply to 
the collector* These polarities are reversed with a N-P-N transistor. 
With either type, the basic rule applies that collector and base must 
always be connected to the same polarity (negative in the ease of a 
P-N-P transistor], which will be opposite to the polarity applied to the 
emitter* 

We need not bother about transistor theory (which would fill a 
large volume), how transistors work, or the many different types avail¬ 
able* For our purpose it is sufficient that they do work, and if we specify 
a suitable type in a circuit and connect it up the right way round, that 
is all that really matters. 

A transistor is a three-element device and these three dements; are 
always shown on the symbol for a transistor. The base is represented by 
a thick black line; the collector by a thin line touching the base; and 
the emitter by another thin line with an arrowhead. If the arrowhead 
points to the base, this designates a P-N-P transistor. Ifit points away 
from the base, this is a N-P-N transistor. 

The symbol most commonly used is to show the collector and emitter 
leads angled at 45 degrees on the same side of the base, the whole 
enclosed in a circle with a lead to the base emerging from the circle 
as well as the collector and emitter lines on the otheT side* Sometimes 
the circle is omitted from the symbol; and sometimes the collector and 
emitter are shown as horizontal lines, one on each side of a thick black 
vertical line representing the base (again with or without an enclosing 
circle)* 


Other components 

Symbols for other components used in reedver circuit diagrams are 
shown in Fig* 15, These are easy to remember and identify, and are 
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Fig, 15, Symbvh used for oibtf circuit companmti 


also normally specified by value, where appropriate. If special con¬ 


structions are involved, such as coils, these arc described later in 
appropriate chapters. 

Headphones 

The type of ‘headphone’ normally used with transistor receivers is a 
dcaf-aid earpiece, although ordinary headphones can also be used. 
Most simple circuits are designed to use a high impedance earpiece (or 
headphone) since this provides properly balanced conditions for the 
output stage without having to use a transformer. 

It should be noted that the impedance of the earpiece (or headphone) 
is different from its D.C. resistance. Thus a suitable deaf-aid earpiece 
would be of 2 x ooo ohms D.C, resistance, giving a typical impedance 
figure of the order of 7,500 ohms. High impedance headphones would 
be expected to have an impedance of about 10,000 ohms for a D,C* 
resistance of 300 to 4,000 ohms. 
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LtmdspeukeTS 

All miniature loudspeakers have a low D.C* resistance of about 
3 ohms, and thus a correspondingly low impedance. To couple to a 
circuit which requires a high impedance load for the output a step- 
down transformer has to be used. One side of the transformer then 
provides the necessary high impedance load, the speaker being con¬ 
nected to the other side and inductively coupled to the receiver circuit 
under properly balanced conditions. 

The transformer ratio required for coupling a 3 ohm loudspeaker can 
be determined from the following:— 

To provide a 10,000 ohm output impedance—30:1 
To provide a ao,ooo ohm output load impedance—4111. 

Transformers 

Transformers may also be used in certain receiver designs to match 
the output impedance from one stage to the input impedance of the 
next stage; and at the same time this will provide 4 gain' or amplification. 
\ Die turns ratio of the transformer in this case is usually 4*5:1. The 
primary winding of such transformers can always be identified by the 
fact that this will have the higher resistance. 

A variety of transformers arc made in sub-miniature sizes suitable 
for transistor radio work. 

BaUmts 

A particular advantage of transistor circuits is that they require only 
low voltages for operation and current drain is usually small. A more 
or less standard voltage for transistor receivers is 9 volts, although some 
simple circuits work on less. 

Dry cells (‘dry batteries’) arc perfectly adequate for most purposes, 
a PP3 (9 volts) size having a life of 35 to 50 hours against a current 
drain of a to 3 milhamps. Lower voltages can be provided by pen-cells 
{15 volts) single, or connected in series to give 3 volts (two cells), 
4-5 volts (three cells), or 6 volts (four cells). The ‘high energy* type are 
to be preferred when using pen-cells. Although more costly initially, 
they have a much longer and more consistent performance. 

Sub-miniature circuits may use Mallory mercury cells since these are 
very much smaller than dry cells—scarcely lai^cr than a shirt button 
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in the case of the smallest she. Each cell has an output of 1*4 volts, 
normally requiring the use of at least two cells connected in series to 
power a sub-miniature receiver. Another advantage offered by Mallory 
mercury batteries is that their voltage remains constant throughout 
their useful life. With dry cells voltage lends to fall off continuously with 
use, at first slowly and then more rapidly, This can introduce problems 
of stability in transistor circuits, calling for 'D.C, stabilization 1 of the 
circuit («* Chapter 9). Mallory mercury cells arc conoidcrbaly more 
expensive than dry batteries, so they would not normally be employed 
except for miniaturized circuits built to go into a “minimum size 1 caw, 
with an external earpiece of headphones. For loudspeaker receivers a 
minimum size for the speaker is about three inches square, and die size 
of the case to accommodate this would normally leave enough free 
space to accommodate a PP3 battery 1 or the required number of 
pen-cells. 
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CHAPTER 3 

HOME CONSTRUCTION TECHNIQUES 


tjadio design* are normally presented in the form of circuit drawings 
JAwith the components represented by symbols and the intermediate 
coiineclions represented by solid lines. Component values are marked 
by die individual components, or annotated separately, and thus a 
circuit drawing gives all, or nearly all, the information required to 
build the design. 

However, there is quite a difference between a theoretical drawing 
of a circuit and its physical counterpart. The symbols representing 
the components, for example, do not represent the actual size and shape 
of the components, or physically indicate the manner in which they 
arc to be connected. Nor does a circuit drawing necessarily represent 
the actual position of individual components in a finished, wired-up 
job. All these points can be confusing to a beginner, but 'translation’ 
of a theoretical circuit drawing into its physical counterpart for building 
is not a difficult job with simple receiver circuits, provided a number 
of basic rules are followed. These are : 

j* Decide on a suitable method of mounting the components (stt 
later). 

Allow plenty of room for positioning the individual components. 
The more clear space you have around components the easier it will be 
to wire them up, bearing in mind that all joints have to be soldered. 
You need experience, and considerable skill in soldering, to produce 
really compact assemblies where all the components are crowded into 
a minimum of space. 

J. fry to follow the layout of the theoretical circuit diagram as far 
as possible in the physical layout of components. This will make it 
easier to plan the layout, and also to cheek through the connections* 

There are a number of other points which will come out in later 
descriptions. Certain components may need mounting rigidly, like a 
tuning capacitor. Others, like resistors, capacitors and transistors can 
be ‘free standing’, simply supported by their leads* 
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Starting point In any case is to decide just how you are going to 
mount the components, and there arc many ways in which thus can be 
tackled. Look at Fig 16, for example* This shows a simple circuit draw¬ 
ing and its physical counterpart wired up in exactly the same pattern 
without using any form of mounting at at I „ This is called a ‘Christmas 
tree 1 assembly and is often used for experimental testing of simple 



Fig> l6 r Theoretical circuit for a cryf iql rtdtstr and { below) connection a/ eompomnti witho ut 
using anj bass panel. This U known or " Christmas tret* cOfUltUilicn 


circuits intended for temporary use only. It produces a working circuit, 
but it cannot be handled or moved without the danger of 'shorting* 
some of the wires and possibly damaging components in the circuit 
if the battery is conn cc led ► Although it is probably the quickest way of 
building a circuit, therefore, it is not a practical method ibr general use, 
For a practical assembly we do need some form of baseboard on 
which components can be mounted. Tliis has to be of insulating material 
when ‘Faitulm 1 is the preferred material. (Note: Older valve-type 
radio receivers art commonly built up on a metal chassis, but this type 
of construction is hardly ever used with transistor circuits). 

Using a Paxolin panel as a base we can rc-design the theoretical 
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circuit in physical form to arrive at suitable positions for mounting 
points for the various components. For these mounting points we can 
use solder tags, as shown in Fig. 17. The position of each required 
mounting point is marked on the base panel* & hole drilled in the panel 
and the tag rigidly mounted in position either with an eyelet (which 




F]jj r 17. The (inmf tf Fig. 16 translated as q physical layuut of components; and 
(below) iht some loyout planned for assembly on a Poxolin panel using solder tags 
mmted on the panel for connection points 


1 

1 


6ATTERV 


PAKOUN PANEL 


■ PHONES CONNECT HERE 


/ PHONES 


COMPONENT LAYOUT 


requires the use of a punch or special pliers to close the eyelet) or 
with a small brass bolt and nut (8BA size is usual). Component!! are 
then mounted by soldering their leads directly to appropriate eyelets* 
this at the same time completing the connections for the components in 
the circuit. 

Planning such a layout is not at all difficult. Basically* on the circuit 
drawing, each point represented by a black dot • is a connecting 
point, or a solder tag position on the physical layout. You may have to 
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position these slightly differently on the layout in order to accommodate 
the shape and size of adjacent components, so if you have any doubts 
about this, lay the components out in position roughly, following the 
theoretical circuit* and plan your connecting point positions from this. 
With a little practice you will soon be able to estimate suitable positions 
for the solder tags without this additional aid* 



F%. 18 . A Vi-ty task metfwdof circuit construction. Having determined suitable 
connection point positions, topper nails art driven into a halfboard in these 
positimt and soldered conwctiani made in ike nail heads 


There is an alternative, and simpler, method of mounting which h 
quite suitable for amateur construction, although it would be frowned 
upon by the professional t We shall descril>e this for it has a particular 
appeal to beginners who are not familiar with electronic assemblies 
but can quite happily work in other materials* The same principle as 
above is used, but instead of a Paxolin plate we use plywood (or even hard 
halsa sheet,. And instead of the solder tags which have to be riveted 
(or bolted) in place, we use large headed |~in, copper nails. The circuit 
can be drawn out on the ply, connecting points marked, and a nail 
driven into the ply at each connecting point—Fig, ]li + Components 
arc then connected to the heads of the nails to complete the circuit, 
each connection being soldered as when using solder tags. 

Another type of construction which may be used with simple circuits 
is bus-bar assembly. It will be noticed that most theoretical circuits 

34 












HOME CONSTRUCTION TECHNIQUES 

incorporate a long line at the top and bottom of the diagram to which 
the majority of the connections are made (he. these lines contain the 
majority of black dots or connecting points in the circuit). Instead of 
a series of tags at each connection point along these two lines we could 
equally well use a solid conductor, e,g. a Length of i 6-gauge tinned 
copper wire mounted on a PaxoJin panel as shown in Fig* 19, Such 
common connecting lines are known as bus-bars in a physical circuit* 
Shorter bus-bars can be mounted between the two main ones to 



Fig, 19. Two methods of laying out a circuit pH A PoxvllK panel using bus- bars. Individual 
or Separate connection points are determined by mounting solder togs OH the panel 


accommodate other common connections, or individual tags mounted at 
these points. The main bus-bars could also be soldered to a tag at each 
end, instead of doubling through holes drilled in the panel, as 
shown. 

Pegboard assembly is another alternative particularly suited to amateur 
construction. This is shown in Fig. 20. The base in this case is standard 
pegboard (or drilled hardboard) with holes spaced at j-in, intervals. 
Connecting points comprise little brass pillars or pegs, usually cut 
from -^in. diameter brass rod, drilled and tapped to take a SBA screw* 
These pegs can be mounted either by pushing into the holes, or bolted in 
place using two washers and a screw, as shown in the detail diagrams 
of Fig. 20. The latter method is preferred for a permanent assembly. 
Connection is then made to screws in the top of each peg, or the individ¬ 
ual leads and wires can be soldered to the pillars. Suitable pegs are 
produced commercially for use with standard pegboard, and one 
advantage of the system is that circuits can be completed with screwed 
connections only, with no soldering—although soldering is normally 
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always to be preferred for radio receiver connections. The main disad¬ 
vantage of pegboard is that it does produce a rather large assembly, 
particularly for the size of components normally employed with tran¬ 
sistor circuits. It is also somewhat unwieldy to use when dealing with 
more complicated circuits. For the absolute beginner, however, it has 
definite attractions. 


PEGBQA&D 

PANEL 



SCREWED CONNECTIONS 
{OR SOLDERED} 


WASHERS 


Fig-, 30+ Pcghoard assembly offers a simple method of construction although Ike iiz* of ihi 
layout is often unduly large. The brass '‘pegs' or* MailedU £amm£rciatiy 3 io fit standard 

drilled hard board (fegboard) 


The favoured method of construction for professional-built transistor 
radio receivers is printed circuit assembly + Here all the wiring connec¬ 
tions are formed in copper foil on one side of a sheet of Paxolin, which 
is then drilled with holes to take the component leads. These leads arc 
simply passed through their respective boles and soldered in place. 
The only real disadvantage involved for one-off jobs is the skill, and 
time, necessary to produce the printed circuit panel, involving designing 
a suitable wiring circuit t drawing it on the foil and then etching away 
surplus copper. Nevertheless, any serious amateur radio constructor 
will want to tackle printed circuits once he has become reasonably 
proficient and their construction is dealt with in a Later chapter. 

Kits of parts for making a transistor radio receiver offer particular 
advantages for the beginner since they are nearly always based on a 
printed circuit panel which is ready-finished, and pre-drilled. This 
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eliminates the necessity of planning out the component layout and 
then constructing the base unit (by whichever of the above methods 
is chosen)* 11 does, however, restrict the choice of designs to those 
which arc produced in kit form. 

Soldering has already been mentioned as an essential requirement For 
making off all connections (with the possible exception of pegboard 
assembly). This is a technique which is readily acquired with practice, 
provided you go about it the right way. Always use an electric soldering 
iron of the right size, and only resin*cored solder (never use solder and a 
separate flux). Iron size should be 60 watts with a ’fr in. hit for general 
work. For compact circuits, and particularly printed circuit assemblies, 
a smaller iron will be better—say with a &in. or even -^-in. bit for 
crowded circuits—and never more than 30 watt rating. 

The two main secrets of successful soldering are; 

1. The joint (and the dp of the iron) must be clean. 

a. The iron must be hot enough, 

Wires on components and solder tags are normally already tinned, 
but not necessarily dean. Even handling the wires will fingerprint 
them and make them greasy. It only takes a moment to ensure that 
such parts are dean. Wrap a piece of fine emery paper around the 
lead or tag, grasp it between finger and thumb and pull it along 
the wire without using too much pressure [which could strain the 
internal connection of the lead). But do not do this with transistor 
leads. 

The tip of the iron can be cleaned by wiping it with an old rag when 
it is hot. The tip should also be tinned, i.e. covered with a layer of 
solder. If solder docs not slick to the end of the iron, dean the tip 
thoroughly with a file, or emery paper, until it does. 

An electric iron takes a minute or so to warm up to full heat after 
being switched on. It is hot enough to use when solder applied to the tip 
melts immediatdy (and on a dean iron will remain on the tip in the 
form of a molten blob}. 

The correct way to complete a soldered joint is shown in Fig, a t . As 
soon as the iron is hot enough it is laid under (or on one side of) the 
wires to be joined. Solder is then applied to the opposite side, and should 
mdt almost at once and spread evenly over the joint. Only hold the 
iron in contact with the joint long enough to mdt and spread the 
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HOME CONSTRUCTION TECHNIQUES 

solder, then remove and allow the joint to cool down. Blowing on the 
joint will speed cooling. 

If the solder does not melt readily * then the iron is not hot enough* 
If this happens on a second joint, after successfully completing the 
first, possibly you arc using too small an iron, It is losing too much 
heat on each joint. Von will then have to allow time for it to heat up 
between each joint. If it happens on the first joint, the cause may again 
be that the iron is too small—the joint is conducting away more heat 
than the iron is supplying. In that case you will need to use a larger 
(higher wattage) iron, otherwise you arc in danger of producing a ‘dry 
joint*. This is characterized by a crystalline appearance of the soldered 
joint* The resulting connection is very poor, and can readily break 
away. Dry joints are one of the most common sources of trouble in 
electrical wiring. 

If the solder does not spread out over the joint as it melts, then almost 
certainly the joint surfaces are dirty. The only cure for this is to clean 
die joint and try again. You will not overcome a dirty surface by 
applying more solder in an attempt to make it spread. Joints, in fact, 
should be completed with a minimum of solder—enough for the job 
and no more. 

The application of a soldering iron to a lead conducts heat quite 
rapidly up through the lead into the component, so to prevent compon¬ 
ents getting overheated never hold the iron in place for long periods. 
With dean surfaces and an iron which is hot enough, a joint should be 
completed in a matter of two or three seconds at the most. No com* 
ponent will suffer heat damage in this time. You are not likely to 
damage resistors by overheating, but yon can cause capacitors to start 
melting—and transistors are particularh susceptible to overheating. 
The following additional precautions therefore apply: 

i* Make the joint as quickly as possible—never hold the iron in 
contact with a transistor lead! for more than 2 or 3 seconds. 

a. Never cut Eransistor leads short. Use a minim um length of lead 
of i~in., and preferably 1 in, 

3. If you are not confident about being able to complete the joint 
in a second or so, grip the lead with a pair of pliers to act as a ‘heat 
shunt 1 , conducting some of the heat of the soldering iron away. 

An alternative method of mounting transistors, which avoids solder- 
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ing completely, is to use transistor holders (transistor sockets). These 
are easy to mount and connect to the circuit. The transistor is then 
simply plugged into the holder. One advantage of using transistor 
holders in a circuit is that it enables transistors to be changed readily, 
’without resold cring, eg. if the performance of a transistor is not up to 
the standard required. 
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CHAPTER 4 

MAKING CRYSTAL SETS 


T he so-called crystal set is the simplest possible type of radio receiver, 
comprising simply a tuned circuit and a detector. It gets its name 
from the fact that a simple crystal diode (in the old days a crystal and a 
’cat’s whisker 1 combination) is used as the detector. It has many 
limitations, but since such a simple and inexpensive circuit is involved 
it is an excellent start far absolute beginners, especially in areas where 
radio signal strength is high, e-g. fairly near to a powerful local broad¬ 
cast station. 

Basical ty the success of a simple crystal set depends very largely on 
the efficiency of the tuned circuit, since the complete set has no source 
of power other than that of the radio transmission which it receives. 
The tuned circuit must therefore be capable of tuning m to a broadcast 
station (or stations) of suitable power and passing as much as possible 
of that power on to the detector, 

Wq need not concern ourselves unduly at this stage with the theore¬ 
tical aspects of the tuned circuit, except to understand that this consists 
essentially of a capacitor and an inductance or coil connected in a 
closed loop see Fig. 22. TEiis electrical, loop will have a specific ftsoitant 
frequency, depending on the values of the capacitor and inductance; 
which is the same as saying that the circuit is tuned to maximum 
response to radio transmissions at that resonant frequency. 

To make the tuned circuit tunable over a range of frequencies it is 
only necessary to vary one, or other of the two component values. 
This can be done by using a variable capacitor used with a fixed coil; 
or a variable inductance, used in conjunction with a fixed capacitor. 
The former method is the more usual since it is simpler to adjust a 
variable capacitor than a variable inductance, but both are really 
equally suitable methods. We can try both in the experimental circuits 
which follow. 

Of the two components required, the inductance is made and the 
capacitor is bought. An inductance is merely a coil and to improve 
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Fig, is, Construetwt of a simple aerial tail. This is associated with it 950 pF variable 
capacitor cowttitfi in parallel [i.t. to each end of the cult). 1 he circuit (On then either be UiRtd 
by adjusting the capacitor, or sliding the coil up and down the ftrritt rod to tntry the Coil 
inductance. In predict Pitriable Capacitor tuning is normally employed, tut Coil position can 

also be adjusted for fine tuning 


its efficiency we will wind it on a ferrite rod (a special material made 
from iron dust with high electromagnetic properties). Ferrite rods are 
made in various diameters and lengths (and in the form of slabs)* For 
the coil specified,. J-in. diameter rod is required, cut to a length of 2 in* 
if it cannot be bought in this length. A ferrite rod is quite brittle, so to 
cut it, it should be notched around the circumference with a small 
triangular file. It can then be broken off neatly. 

A wrapping of paper should then be made around the rod (any 
type of paper will do), and a winding of 34 s.w.g. enamelled or silk- 
covered-enamelled wire made over it, as shown in Fig. 22. Note that 
the complete coil comprises 40 full turns, but after 20 turns have been 
made a smaller loop is made off the core and twisted together and the 
remaining 20 turns taken around die cure. This smaller loop forms a 
tapping point for connection at the centre of the toil, the insulation 
being scraped off the wire at this point to make a soldered connection 
possible. 

Although a simple coil we have already ensured relatively high 
efficiency in two ways : 

1. By winding the coil on a ferrite rod* 

2. By introducing a tapping point for connecting the detector so 
that the load is applied only across half rather than the whole coil. 
This reduces the damping effect of the load and makes the selectivity 
of the tuned circuit that much better. 
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MAKING CRYSTAL SETS 

Normally, however, it will be necessary to use an external aerial as 
well connected to one end oHhc tuned circuit ‘loop 5 , with the other end 
connected to a good earth. Up to 50 ft, or more of thin copper wire 
makes a good aerial; and a water pipe makes a good earth. Only in 
areas of strong radio signal strength can a crystal set be expected To 
work on a ferrite rod aerial alone. 

The aerial coil just made can be mounted on a base panel, as shown 
In Fig, 23, and associated with either a variable capacitor or fixed 



fig, 23. The prepared aerial coil mounted M a /Witt panel, wUA provision to mount all 
tin Other component* la complete a crystal set. The ferrite rod can bt mounted on special dips 
{usually plastic), or glued to scrap material stack to the Faxolin. 


capacitor, of Lhe values shown in Fig 22, depending on whether we 
want to operate the circuit as ‘capacity tuned' or ‘Inductance tuned 
In the latter case several turns of paper should be wrapped around the 
ferrite rod before winding the coil and then overlaid with gumstrip or 
gummed paper to form a rigid sleeve which can slide up and down the 
rod. The coil is then wound in place over this sleeve* Since the rod 
must be moved by the fingers a plastic washer or similar shape of 
insulating material must also be glued to the end of the rod in order 
to avoid ‘hand capacity 5 effects. Rod position is then adjusted by grasp- 
big the plastic and not the rod itself. 

Fig, 24 shows the complete circuit for the receiver. The additional 
components required are a point contact germanium diode (Mullard 
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MAKING TRANSISTOR RADIOS 

OABi, OAgi, or equivalent); a 1,000 pF (o-ooi pF) fixed capacitor; 
and a high impedance deaf-aid earpiece (or high impedance head¬ 
phones with a D.C. resistance of 1 kilohm or more). 

That is all there is to it. The set Is permanently 'switched on 1 and it 
is merely a case of tuning in. via adjustment of the variable capacitor 
(or sliding the ferrite rod in and out of the coil) until a station is picked 
up and heard. Signals will normally be heard only very weakly, and 
some too weakly to be intelligible; but it should he possible to tune in 



Fig, 34. T~htorttv.nL circuit for a crystal receiver. The aerial Mil ts OS tfoun in Fig. *4, The 
gtmanitm diode is a Milliard OASl, OAgi, fif equivalent. An external aerial and a goad 
earth connection i: nettssary iiritA such a simple tit 


to any strong signal at intelligible hearing strength* IF not, try lengthen¬ 
ing and/or repositioning the external aerial wire; or try to find a better 
earth connection. There arc also other little tricks you can try to 
improve reception. Connecting the aerial wire to the springs of a bed 
sometimes works wonders. In a particular area the set may also work 
better with die external aerial connected to the earth end of the tuned 
circuit (and no external earth connection). In some localities where 
radio reception in general is poor a crystal set may be difficult to get 
to work at all (although you should pick up syme station, even if very, 
very weakly). In others you can get surprisingly good signal reception 
on one or more stations and pick up others very weakly. 

If you ean get crystal set reception in your area with this simple 
circuit, then it is worth experimenting with further circuits, as follows: 
Fig. 25 shows how you can improve the volume of the reception by 
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Fig, as. The fame flfrtnl as Fig, j* tnith the addition of an AF amplifi er stage, Thit requires 
tit? UM r if a tranwipr j Mallard type OCtf, OC?I t or iquiuaknt), and an additional resistor 
and capacitor. Cs should be 1,000 fib and Cf 8 microfarads {which being an eUitrdytic tybe 
miLT! be comvcitd the nght way round). Performance may be improved by ‘capacity eevplitrg* the 
external uenal to ihe timed circuit. Connecting the acrid tit point f X’ instead vf dually fa the tuned 

circuit may alto be better 



Fig, aG, A further implement in the basic crystal set with a stabilized A F amplifier circuit 
Li and L—as Fi*. -s.t n. i . J 


Ci and L—as Fig. 34 
C3—i p ooo pF 
c 3—4 ** (fi volt D,C,) electrolytic 

c 4 —SK>to (6 volts D r C.) electrolytic 

C5—i^qoo pF 
Hi—470 kslohms 


Ra—an kilohma 
R 3 —ID kilohms 
R4—i kilolim 

D Mullard OASi, QAgi, or equivalent 
TR Milliard OC 45 , OC 71 , or 
equivalent 


























































MAKING TRANSISTOR RADIOS 

adding a transistor as an amplifier for the AF signal passed by the 
diode (detector). You need only one extra component-—a Milliard 
OC45, or OC71 transistor, or equivalent—connected into the circuit 
as shown. This time, however, you will also need a battery to provide 
power for the (transistor) amplifier. This can be anything from 



Fig. 37. Thu 11 d 'triik* circuit Jar it provides for transistor amplification icilhuvt itftng d 
battery. Drives high impedance phones or dtaf-aid earpiece 
Ci and L—m previous D —-Mallard GAtii, GAgi, or equiva- 

C2—a |tF [6 volts D.C.) lent 

electrolytic TR— Mullarcl OC45* OGyr, or 

equivalent 


1-5 to 6 volts. Start with a 1-5 volt battery and sec if this is enough. 
If not, try 3 volts, and so on, but stop at the voltage level which gives 
adequate amplification without introducing distortion or unwanted 
‘noise 1 * 

IT the addition of a simple amplifier seems to work well then you can 
improve the performance much more satisfactorily, and with better 
quality of reception and stability, by modifying the circuit to the rather 
, more complicated one shown in Fig. 26. This introduces stabilization 
of the transistor. 

Fig. 27 shows a trick circuit which is worth trying as an experiment. 
It uses a diode detector and a transistor amplifier, but eliminates the 
battery, so we are back to a circuit which is powered entirely by the 
incoming RF signal. The diode, in fact, supplies both the AF signal 

46 


































MAKING CRYSTAL SETS 

and the power to drive the transistor, the collector of the transistor 
being connected to the output side of the diode through the ear¬ 
phones. 

Fig, 28 is another trick circuit which also eliminates the battery— 
and the: diode detector as well. In this case part of the transistor is 
acting as a diode {the emitter-base junction), charging the capacitor 
which provides energy for the collector to work the transistor as an 
amplifier as well. 



Fig, s&. This lt another triok circuit where the transistor acii M Of a diode detector 
and an nrnfsiijier, again u.1 thvut a battery. lYili Cnlj work in areas qf gt&d signal strength 
Ci and L -as previous Ca—i pF 

Rl -10 JtiEuhms phones—high impedance type 


1 hesc latter two are purely experimental circuits which demonstrate 
how die power of RF waves already present in the atmosphere can be 
utilized. 

As far as simple crystal receivers arc concerned the circuit shown 
in Fig, is about as far as one can reasonably go. This is basically 
the same circuit as Fig. 26, with an additional stage of amplification 
—still not enougii, incidentally, to operate a loudspeaker satisfactorily, 
further attempt to boost the AF signal only exposes the limitations of 
the simple crystal circuit, particularly its selectivity. It is not worth¬ 
while pursuing possible further developments, therefore. To improve 
the performance of our transistor radio receiver we have got to utilize 
rather more elaborate circuitry. 
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Fig. $9, This circuit is about the limit of development for a simple crystal receiver and irmrpor- 
ates two stages of AF amplification. Power available will only work high impedance phones or 
deaf-aid earpiece or a balanced armature miniature speaker 


Ct and L—as previous. 

Ca—aao pF 

G3—i^ooo pF 

G4—8fiF [15 volts D-C.) electrolytic 
Cg,—SfiF {15 volts D,C.) electrolytic 
Cj —QpF [15 volts D-C.j electrolytic 
Oti—8|iF (15 volti D.G.) electrolytic 
C7—flfiF {15 volm D.C-} electrolytic 
C8 —hq j oq 5 to 0-0 1 fiF 
III—47 kilohnu 


Ra—as kilohms 
R3—10 kilohnu 
R 4 — 4’7 kiSohim 
R 5 —O S kilnhms 

R6—3*3 kilulintfl 
Rj—470 ohms 

D—Mul I an! OAEil, OAp], or equivalent 
TRl—Mul lard or equivalent 

TRa—Mullard OCyi, or equivalent 


Battery—start ztiih J units and increase up to y colts j J7rjirr?Ji£ji7i if necessary 
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CHAPTER 5 

TRF RECEIVERS 


O ne distinct limitation with all simple receiver circuits is that the 
performance achieved is very much dependent on the strength of the 
original RF (broadcast) signal present in the aerial. If this signal is 
weak, no amount of AF amplification after detec don can make good this 
deficiency. In fact, a simple diode detector will not work properly if 
the RF signal applied to it is very weak. Thus the simpler types of 
circuit only work well in areas of good broadcast signal strength. 



Fig\ Black diagram of a Tuned Radio Frequency ( TRF) Ttceiatr 


They will not pick up weak signals from distant stations at a sufficient 
level for good reception, no matter how many stages of AF amplifica¬ 
tion arc applied. Improving the efficiency helps in passing as higli a 
percentage of the original RF signal as possible to the detector stage— 
but it cannot ill any way boost the original signal. 

The Tuned Radio Frequency (TRF) receiver, however, does just 
that—amplifies the incoming RF signal before it is passed on to the 
detector* A block diagram of such a circuit is shown in Fig* 30 where 
it will be noticed two tuned circuits are involved [usually mechanically 
coupled or 'ganged' together). The first of these accepts the required 
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MAKING TRANSISTOR RADIOS 

signal (i.e. tunes to the required frequency), which is then boosted by 
the RF amplifier and passed through the second tuned circuit and on 
to the detector. This is then followed by one or more stages of AF 
amplification, as required. Basically, in fact, we have a conventional 
tuned circuit/detector/amplifier set-up with the addition of a “front 
end’, comprising a tuned circuit and an amplifier. The sensitivity of the 
receiver is improved by the fact that weaker incoming signals can now 
be handled successfully (because they arc boosted or amplified}. 
Sharper tuning can also be employed (and indeed is necessary to 
eliminate interference from broadcast stations operating on adjacent 
frequencies). This calls for greater attention to the tuned circuit design 
(and is also the main reason why two tuned circuit arc used), but con¬ 
siderably improves the selectivity of the receiver. Because of the boost the 
RF signal receives before it reaches the detector, considerably less 
amplification of the AF signal passed is required after the detector 
stage in order to yield a good listening level. This, in general, should 
improve the quality of the sound. 

The TRF layout, therefore, offers a number of distinct advantages, 
although it is more complicated and does require a number of extra 
component*. Also it is more advantageous with value receivers than with 
transistor receivers, since the possible amplification or gain, per stage, 
with the former is inherently greater. Nevertheless the transistor FRF 
receiver is a perfectly practical type, provided it is properly aligned 
and “neutralized*. “Alignment* refers to setting up the variable tuned 
stages accurately with each other, “Neutralization 1 refers to control of 
internal feedback due to die internal capacitance of transistors, which 
if not controlled could lead to the RF amplifier stage becoming unstable 
and oscillating continuously (producing a howl or whistle in the loud¬ 
speaker or phones). 

Fig. 31 shows a straightforward three transistor TRF circuit which 
should be simple enough to lay out on a suitable chassis plate (or peg- 
board) with a similar positioning of components. The only thing not 
obvious from the circuit drawing is that Ci and C4 are physically com¬ 
bined in one actual component, a ganged tuning capacitor, and thus 
C4 does not appear as a physical entity on the component layout. 
This is indicated by the dashed line connecting the two components on 
the theoretical circuit drawing. In practice, this merely means remem¬ 
bering that C4 is the “second half 1 of the ganged tuning capacitor, and 

50 










Fig. 31, Go/rtfiltit circuit far a t/tru-tnotsistor f RF msii-fr. The addition of Cg (roopF) 
mil improve quality 0/ reception. Tty also the effect of a locpF capacitor tonnititd aarass 

the battery 


Ll ± Ls—iransfm-mcr coupled aerial 
coil, made as ahawn in Fig, 3E 
Ci, C4—O—5011 pF gauged tuning 
Liipiuilor (Jackson or similar) 
Cj—220 pF 
Cg—100 to 500 pF 
C5—150F 

06— 8 |tK (15 VOlta D.C.) dECtinlylic 
C7—fi'Ol^F 

00— 8 ^F (15 volu D.C.) electrolytic 
Ri—1 megohm 


Ra — to kiEuhms 
Rg—i megohm 
R4^4'7 kilohmi 
R5—1 megohm 

L3, L4—50-turn coil wound On ferrite 
rod (Ls), whh 10-turn coil wound 
over one end (L4 )—set tent 
TRj—Mu Hard OC45, or equivalent 
TRa—Mullard OCyi, or equivalent 
TR3—Mullard OC71, or equivalent 


the collector lead of transistor TRI has to be connected to the appro¬ 
priate Lag on the tuning capacitor* 

The two coils Li /La and L3/L4 also need further explanation, other¬ 
wise all die other components involved are perfectly standard. The two 
coil pairs are 'transformer wound 1 qr inductively coupled and different 
from the single winding we used previously for an aerial coil. Coil 
Li/La is wound on a 6-in. long |-in* diameter ferrite rod, as shown in 
Fig. 33. First a paper sleeve is formed around the rod and on to this is 
wound Li, comprising 50 turns of 38 s + w*g. enamelled or double silk 
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ECONO WINDING^) AffftOX. 20 TURNS 


Fig, 32. Comtructioft of medium wave aerial coil with trmtfhtmcr coupling 


enamelled wire* Each turn of the coil must be close together. The ends 
can be secured with a dab of wax. Coil La is then wound on top of Li, 
starting at one end, but comprising only 10 turns of the same (38 s .w.g! 
wire). It is thus only one fifth the length of Li. Again the ends of this 
cod should be secured with wax. 

I Jus particular aerial coil can be used on a variety of the receiver 
designs wiucn to now. me range oi frequencies covered will depend on 
the position of the coil on the ferrite md. Thus whilst adjustment of 
the tuning capacitor associated with the aerial coil will ‘tune in‘ to a 
particular frequency, the position of the tuning capacitor corresponding 
to this tuned frequency may not be entirely satisfactory, i.c, other 
stations of different frequency may be 'off the end 1 of the tuning 
condenser movement. 

The practical way to set up a tuned circuit is tliis. With the receiver 
circuit switched on, adjust the tuning capacitor to about its mid- 
position (Le. in the case of postage stamp trimmer capacitors, screw 
right down and then back off about half a turn). Then slide the aerial 
coil along the ferrite rod until a station is picked up with a frequency 
in about the middle of the band, e.g. the Third Programme in the 
medium wave-band. Fix the aerial coil to the ferrite rod in this position 
with a dab or wax. The tuned circuit will then be capable of tuning 
over a maximum sweep up and down from the mid-frequency via 
movement of Lhc variable capacitor alone. 

Coil L3/L4 is made in very much the same way except that the 
length of ferrite rod need only be about 1 in. Also die paper sleeve 
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Ttt t RECEIVERS 


must be a sliding fit to enable the rod to be moved in and out to adjust 
the inductance of the coil if necessary. There is also one other difference 
Coil L3 consists of50 turns of 38 s.w.g. wire (the same as Li), but has a 
centre tap (i.e. a bared loop at 35 turns). Coil L4 is 10 turns of 38 s.w.g. 
wire wound over one cud of L3. 

ill die complete circuit the two tuned circuits are tuned simultaneously 
by adjustment of the tuning capacitor (i.e, Ci and C4 vary together 
since they are ganged). Capacitor C3 controls the feedback from TRI, 
but adjustment of the ferrite rod core of L3/L4 may also be necessary 
to eliminate oscillation or ‘howling'. This is affected by the position 
of die components in die RF amplifier circuit (i.e. die components 
centred around TRl), and two important considerations apply to 
this part of the circuit; 

1. Keep the leads connecting the various components as short as 
practicable. 

a. The coil L3/L4 must be screened from coil Li/L& and adjacent 
components. The best way to do this is to cut a piece of thin aluminium 
sheet which can be bent to fit around L3/L3 just like a physical screen 



Fig' 33' Additional rimritty fat providing Umdsptaktr output an TRF rectiter, 
So: 1 coupling irunsfmntt pmoidts tn&ttked output far a 3 ohm tniniulutt laud- 
spiaktr. Try )}fit without R5 and Cri , Thtn tty tjfttt of adding ifutt stabilizing 

ampomato 

H5—470 ohmj 

Cn —1OO (15 volts) electrolytic 

C9—too jiF 
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MAKING TRANSISTOR RADIOS 


—remembering that you must be able to reach the ferrite rod centre 
to adjust its position, if necessary. 

The rest of the circuit is straightforward to assemble and needs no 
special attention other than suitable mounting of the individual com- 




Fig, 34, This is a regenerative receiver circuit incorporating refsx, jo that it is actual!? a /mer¬ 
it age rtether, hut Ultf nitty fao transistors. It is a relatively simple set to align, although 
difficult to construct because of the large number if components 

Cf—o—400 or 0-5W pF tuning Ra—47 kitoLitu 

capacitor Rs—56 kilohms 

C2 —3 go pF (may be omitted and direct R.f—I kilohm 


coupling tried) 

C3—G-oOipF 

C4—ton pF 

C5—lQtifiF electrolytic 

C6—o-oo^^F 

Cj—5jiF electrolytic 

(]8—iqo^F electrolytic 

C 9 —aoifiF 

C10—jftF electrolytic 

Rl —10 kilohms 


R5—22 kilohms 
R6—47 kilohms 
RV—kilohms 
RS—150 ohms 

h-}”«*> 3* 

Lj—millihenry RF choke —set Fig. for 

home-made component 
D—Milliard OA 71 p or equivalent 
TRi— Milliard 0045, or equivalent 
TRa— Milliard QC71, or equivalent 
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TRF RECEIVERS 

ponrnts and correct connection. You may find, however, that the 
performance can be improved by the addition of capacitor Cfi across 
the phones, as shown dotted. 

Although the volume to be expected from this three transistor TRF 
circuit is appreciably higher than that obtainable by a simple crystal 
set with two stages or amplification (i.e. as given by TR2 and TR3), 
the design as shown still only specifies headphones (or a deaf aid ear¬ 
piece), Sufficient power should be available in areas of good radio 
signal strength for loudspeaker reproduction, when the modification 
as shown in Fig. 33 can be tried, replacing the earphones in the circuit 
with an Con (miniature) output transformer connected to a 3 ohm 
loudspeaker. Capacitor C8 is strictly necessary in this case. 

An interesting variation on a transistor TRF circuit is shown in 
Fig. 34 where only a single tuned circuit is used, and only two transistors. 
There is some loss of selectivity in this design, so that the tuning is some¬ 
what broader and thus reception is more liable to interference from 
neighbouring broadcast stations, No alignment or adjustment of 
neutralization is necessary, however, so the circuit is much simpler to 
get working. It also has sufficient power to drive a loudspeaker (through 
an output transformer) and has the additional refinement of a volume 
control. 
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CHAPTER 6 


REFLEX RECEIVERS 


T it £ last TRF receiver described in the previous chapter saved on the 
number of stages (if not actual number of components} by incorpor¬ 
ating what is known as reflex action. This, in simple terms, means that 
part of the AF output from the detector stage is led back or reflexed 
into the input* At the same time the incoming signal from the tuned 
circuit is also amplified as an RF signal before being fed to the detector 
stage. Thus all the basic features of a true TRF circuit arc accomplished, 
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Fig'. 35. Blink diagram of a Ttjltx rtctmtr circuits Basiioity this works in a simitar mOdncr 

to a TRF circuit but idceS one ilagt 

with a saving of one stage and elimination of the second tuned circuit. 
Reflex circuits, therefore, can be considerably simpler than TRF 
circuits, and at the same time eliminate the intcr-dcpcndcncy of com¬ 
ponents in the RF amplifier with the necessity of employing screening 
and neutralization adjustment. 

The block diagram of a reflex circuit, on the other hand, Looks quite 
complicated—Fig. 35. This should not bother us unduly as it is die 
final working circuit that matters, but we may as well understand the 
basic principle of operation, and the practical limitations. 
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REFLEX RECEIVERS 

As the diagram shows* the tuned circuit is followed fay an RF ampli¬ 
fier suppling boosted {RF) signal to the detector—the value of which 
has been discussed in die previous chapter. All of the AF output from 
the detector is fed back to the RF amplifier stage input for amplification 
at AF. Thus die {single) RF amplifier stage is made to do a double 
duty—amplify both RF and AF. The amplified AT output can be 
taken directly to headphones (three-stage reflex circuit) j or through a 
further stage providing AF amplication [four-stage reflex circuit), 
followed by as many additional AF amplifier stages as necessary. Thus 
a four-stage reflex circuit (i.e. incorporating one AF amplifier stage) 
would normally still only be expected to operate headphones direct 
(or a speaker via an output transformer). A five-stage reflex circuit 
would provide adequate loudspeaker power (but would require output 
matching); and a six-stage reflex circuit still more output power. In 
practice there is a limit to the number of additional (AF amplifier) 
stages which can usefully be added, since reflex circuits arc normally 
I united to simple designs of compact layout. We shall, therefore, describe 
only two of these circuits, both of which are intended for use with a 
dear-aid earpiece (or headphones) for Jiaiening. 

Jhe first—Fig. 3S—is a three-stage receiver although it employs 
only one transistor, which acts a* both an RF and AF amplifier. The 
aerial coil L1/L3 is identical with that of Fig. 32. The only other com¬ 
ponents with which we are not already familiar are the RF chokes 

L3 and L4. These can be bought ready made (1 millihenry chokes); or 
wound as shown in Fig. 3^ 

Each coil is wound on a standard £-m, diameter polystyrene coil 
former [a standard radio component) which h fitted with two J in, 
diameter cheeks or 4 washers’ cut from any thin insulating material 
and cemented in place ^in. apart as shown. Some 38 s.w.g, insulated 
wire 15 then wound on the former, layer upon layer between the checks, 
until the whole of the space is filled. Wrap the winding with a turn or 
two of cellulose tape to hold it in place and secure the start and finish 
ends of the wire with wax. This will give a coil of approximately 1 milli¬ 
henry inductance, when the dust core is screwed into the centre of the 
wii former. The actual value can be adjusted by screwing the dust core 
in or out, if necessary, to align the completed receiver, 

The four-stage reflex receiver is shown in Fig. 38 is identical with 
the one just described, except for the addition of another stage of AF 
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Fig, 3 -Sr A ihret'ilflgt rtjkx circuit which ws only one transistor—a simpU and easy lo 
tmstrmi rtteiur upahU of exttlUnt pvrformantt in ottos of mderat* Ur high signal strength 


Li t Li— transformer coupled 
aerial coH, as Fig. 3s 
Ci—tHB^a pF tuning capacitor 
Ci—n?o pF (may be omitted and 
direct coupling of aerial tried) 

C3—D 43 t|iF 

C4—47 p F 
C5—Dt»5fiF 

Cfi (15 volts D.C.) electrolytic 

C7—lt>j*F (6 voha D.C,) electrolytic 


C3—0 009 lo ’OljiF 

R|—4’7 kilohms 

Rs—3’3 kilohios 

Rj—aa fcilohmfl 

R4—1 Idlohm 

R5—34 kilohnu 

L3—RF choke (j« Fig, 37) 

TR—Mullard DC^j, OC45 or cq uivalent 
D—Mullard OA8l t OAgi, or equivalent 


-4 h-16 


IIIP 


DUST COM 




~1 



X % 

* 1 


M H 58 S 

Ji 1 

ULL W 

WGWTM 



COMPLETED flf CHOKE 


Fig. 37. Constructiuri of an RF choke (ij| in tkt circuit of Fig. jj) 




















































































i'3R. gU, A four-stage reflex circuit. This should have enough output 1 b ApttaU d loudspeaker 
r-'i’a a step-down transformer (replacing the phenes } ; or an Additional stage 0 ] Amplify {alien 

could be added Jar loudspeaker reproduction 


1 ], La—ai Fig, J2 
Lg—u Fig. 37 
I4— ai Fi S- 37 

Ci-HO-aso pF tuning capacitor 
Ca—aao pF (may be omitted) 

C3—Q'OI (iF 
C4—47 pF 
C5—'o-oo5/iF 

CG-33/jF (15 void D.C.) electrolytic 
C7 —io^F (6 volts Did) electrolytic 
CS—fl(*F (13 void D.C,) electrolytic 
Cg— 8^7 (ig volts D.G») electrolytic 
Cco—0-005 to O'Ot 


R1—4-7 kilohms 
Ra—3:3 kilohma 
Rg—aa kilohma 
R4—i kilohm 
R5—4-7 kilohms 
R 6 —32 kilohms 
R7—10 Icilohm* 

R6—4'7 kilohma 
Rg—33 kilohma 

D—Milliard OAfii, OAgi, or equivalent 
TR|—Mullard 0^44, OQjj, or 
equivalent 

TRs—MuJlard DC?!, or equivalelll 


amplification (transistor TRa and its attendant components). It is 
recommended that if you want to try reflex circuits you lay out a 
base panel to accommodate all the components necessary for the four- 
stage circuit. You can build the three-stage circuit on this and try it 
out first. It is then a simple matter to add on the additional components 
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MAKING TRANSISTOR RADIOS 

to convert the original set to four-stage working and compare the two 
results. 

Remember that with both circuits, once you have tuned in to a 
particular station via adjustment of Cl* then additional adjustment 
of the dust core position in coils L3 and L4 can be tried to improve the 
performance. Adjustment of L3 can affect the adjustment of so 
you must work on each in turn in order to arrive at die best possible 
combination of the two settings, These should not require further 
readjustment once the set is initially aligned for optimum performance. 
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CHAPTER 7 

REGENERATIVE RECEIVERS 


W e now come to one or the most important types of simple receiver 
layouts—the regenerative circuit. Wc have already seen how feed¬ 
back can be used to boost the RF signal prior to the detector stage, and 
how a single transistor can be used simultaneously as an amplifier for 
both RF and AF (provided it is an RF type). 

The regenerative circuit carries this to the extreme by taking die 
RF output of a transistor detector, which would normally be disregarded, 
and reluming part of it to the input to boost the incoming signal. The 
gain is directly proportional to the amount of feedback, but a limit is 
readied where the feed back is too great for the transistor to cope with. 
At this point the transistor ceases to work as a rectificr/amplifier and 
breaks into oscillation. Thus maximum gain is achieved by designing 
the feedback circuit so that the point of oscillation is approached as 
nearly as possible without the transistor actually going into oscillation. 
The actual gain which may be achieved can be as great as roo: \ t thus 
vastly improving the sensitivity of the detector. The only real disadvan¬ 
tage—apart from having a more sensitive circuit—is that this gain is 
not achieved without some penalty, in tills case some loss of the quality 
or reproduction. 

A block diagram of a regenerative receiver is shown in Fig. 39, The 
new element added is a phase changer which is necessary to ensure 
that the feedback from collector to base of the detector transistor is 
applied to the input in the same manner, so that the feedback is positive. 
An alternating current is involved (RF) and the corresponding voltage 
appearing at the collector of the transistor will be 180 degrees ‘out of 
phase’ with the input to the base, tending to cancel rather than boost 
the RF input which is applied directly to the base. Thus the phase 
changer is necessary to reverse the phase of the feedback, so that it is 
applied to the input in the same phase. 

This all sounds very complicated, but that is the fault of standard 
terminology. In practice the phase changer is simply an additional coil 
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incorporated wit]) the aerial coil, and connected to it inductively. If 
the coil is connected to the collector of the transistor one way round it 
will provide negative feedback; and connected the other way round it 
will provide positive feedback. Thus if the circuit docs not work, all 
that is usually wrong is that die coil has been connected the wrong 



Fig.|39, Block diagram of iht regenerative reeeiver 



Fig. 40. Winding of an aerial mil and coupling toil for regenerative r/c euere 


way round. Reversing the connections will then produce the required 
phase change. 

Such a coil is shown in Fig. 40, associated with a similar aerial coil 
to that previously described. The feedback coil comprises 3 turns of 
38 s.w.g. insulated wire wound on a paper sleeve. Sliding the coil up 
and down the ferrite rod, adjust the degree of coupling between the 
feedback coil and the aerial coil. 

A simple single transistor regenerative circuit is shown in Fig, 41. 
The transistor used must be of RF type and high quality,, such as a 
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selected Mullard OGj-^ OQjS, or equivalent. The circuit is otherwise 
quite straightforward, with the exception of the addition of the variable 
capacitor C4, This is provided as a means of controlling the amount of 
reaction or feedback. It is connected across the collector of the transistor 
and either end of the tuned circuit (the diagram shows it connected to 



FLg, 41. Simple circuit /or a Tigcntralii'c mtiivr fmrltf et iingtt tratuiftor 
Lt| La—Coils as Fig. 40 C5—0*005 

Ct—[00-500 pF tuning capacitor Gfa —0*005 to -or 

C*—pF la O'lpF (or tncmier Ri—4*7 kilohmi to 1 megohm (or 1 
capacitor with tliis range) megohm variable resistor for adjuaiErtcru 

Cg—jfiF {15 volii D.C.] eltctrolylic R2—3*3 kilohms 

C4—1 ao 500 pF variable capacitor TR—Milliard OC44, QC15, or equivalent 

High impedance planes 

Mote: The use of a trimmer capacitor for Cs, and a variable resistor for Ri mill 
help in adjusting the set for smoothest regeneration. 

the *carlh* cud, but it could equally well be connected to the oilier 
end}. 

The receiver is set up by adjusting die position of the feedback coil 
on the ferrite rod to arrive at the strongest signal tuned in via Ci (the 
tuning capacitor) with the reaction control {C4) set in about its inid- 
position. The reaction can then be adjusted for maximum results by 
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turning C4 one way or the other until the transistor breaks into oscilla¬ 
tion and a howl is heard in the earpiece, then turning back until the 
howl disappear Si The set is then adjusted for maximum reaction and 
should be at Its most sensitive. If oscillation cannot be produced by 
adjustment of C4 to its limit, reverse the connections of the reaction 
coil and try again, Since the reaction Control is coupled to the tuned 
circuit, adjustment of reaction will also have some effect on tuning, 
so after setting the reaction, the tuning capacitor may also have to be 
readjusted slightly for maximum volume. This applies to the reception 
of any station. Both Ci and C4 may have to be adjusted, and Cl 
readjusted as necessary, for maximum results. 

Due to the excellent sensitivity of regenerative receivers, sets of this 
type will usually work well with only a ferrite rod aerial. In some 
areas, however, an external aerial connected to the tuned circuit will 
produce better results, and open up the listening field to many more 
stations. When an external aerial is used it should be connected to the 
tuned circuit vita, a coupling condenser of about 100 to aoo pF* The 
external aerial wire should not be too long as this can have a damping 
effect which is undesirable. 

The simple circuit described lends itself to elaboration hv the addition 
of one or more stages of AF amplification, following the detector. These 
amplifier stages can be exactly the same as those described in Chapter g. 
This may be the moat satisfactory way of getting audible rereption in 
areas of low signal strength still only using the ferrite rod aerial (i.c. 
with no external aerial). 

A similar circuit with two stages of AF amplification is shown in 
Fig* 4a, No particular difficulties should bq experienced in setting up 
this receiver, which should work well with just the ferrite tod aerial id all 
but very poor areas of reception. Instead of earphones, sufficient output 
power should be available to drive a miniature loudspeaker via a suit¬ 
able coupling transformer (this replacing the headphones in the circuit). 

A rather more superior type of three-transistor receiver is shown in 
Fig. 43. This is a design by Muilard. The first transistor (which is of 
AF type, Muilard AFi 17 or OC45) acts as a regenerative RF amplifier 
and audio preamplifier simultaneously; and is followed by a diode 
detector and two stages of AF amplification. Sufficient power Is avail¬ 
able to drive an 80 ohm (high impedance) loudspeaker direct without 
the need for an output transformer. 
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Fig. 42 Tkrtt-lrmsilto? regenerative tiirivtr email 
Lt, La—coils as Fig. 40 —£fl kilohnu 

Cc—O-25Q pF tuning capacitor R4—3-3 kilnhina 

Ca— e-mpF R5—47a Jdlohnu 

C3^2jjF (3 volts, D.C.) electrolytic K6—470 Itilnlima 
C4—ajiF (^5 volu D,C.) electrolytic R;—4.-7 kilohnu 
Cs—30 pF Lrimmable capacitor RB—4-7 kilohma 

C6—G^*F f 15 volts r>.C.) electrolytic TRi—Mu Hand OC44* OC+ 5 , or equivalent 
£?—BpF ( 13 volt, D, C.) electrolytic TRa— Mullarrt OC71 p or equivalen 1 
Rc —t loei^uhtn TR3^JVluUard OCjij or equivalent 

Ra—22 kliohms 




The receiver works as follows. The output from the aerial winding Lt 
is amplified by the transistor and developed across the choke L4. Part 
of the amplified signal is returned to the aerial circuit via C6 and L3, 
producing regeneration. The RF signal output is applied to the diode 
detector hi, which is slightly forward biased to improve its working 
efficiency; and the resulting AF signal is fed back to the first transistor 
via Gy and La for amplification. Amplified AF is finally fed via Cjj to the 
second and third transistor stages for further amplification. This output 
is also controlled by R3 (which is the load in the collector circuit of 
TRi), and by using a variable resistor for R3 this can also work as a 
volume control. 
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AT ■ 


Fij r jj? r Mult&Td dtiignfara ihra-traasulor radio incorporating rtgerterethn 
turns 46 irW.gr wire on Milliard FX2367 Esrrite slab 
!—3 turns of 4* i,w,g„ wire\ 

(—4 lams of 46 s.w.g, wire J 

\.—100 turns of 46 fl.w.g. wire on coil former with dust core {set text) 


Ci—14 pF 

C4—3S5 pF Jackson type Ol 

Cj—< j-gl£jiF Milliard Cj^AA/AllK 

C4—too pF 

C5—iopF ft6 volts D.C.) Milliard C+sGAM/Eio 
C6—g jo pF 

C7—-iojlF (16 volts D.C.) Milliard C436AM/E10 
CEJ—40^F (16 volts D.C.) Milliard C44GAM/E40 
Cg—i(U)iF {4 volts D.C.) Milliard C426AM/B100 
Ct0“40^F (,zt> volts D.C.) Milliard C4S&AM/E40 
Cm — j-ao^F (2\5 volts D.C.} Milliard C^^SAM/Ajao 


Rl—50 tD linear 
poDcnli c-metc t 

r*— 560 tn 

Ry,—5 ID logarithmic!: 

potentiometer 
R4—4-7 kll 
R5—cjokO 
R 6 —io Itfl 


R7—a-a kft 

ita 33 kn 

R9—4.'7 k£l 
Rio—1-5 kil 



D— Milliard OA70 

TRi—Milliard AF117* OC45 or equivalent 
TRa—Milliard OC?!, <w equivalent 
TKj—Milliard QCBi, or equivalent 
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REGENERATIVE RECEIVERS 

The variable resistor Ri provides reaction control and is thus set to 
ihc maximum possible feedback without oscillation developing. Since 
it is not coupled to the tuned circuit it should not be necessary to readjust 
this, once set, nor will it affect tuning* 

The aerial is specially wound for this receiver, using a Mu Hard 
FX2367 ferrite aerial slab. Windings arc made in 46 s.w.g, insulated 
wire, L.2 being inter-wound with the earth end of Lt \ and L3 inter- 
wound | in. from the earth end of Li. The choke (L4) consists of too 
turns of 46 s.w.g. wire wound on a tuning slug taken from a 470 keys 
IF transformer; or on a J-in. polystyrene coil former fitted with a 
tuning slug. Other components are as specified in the caption. 

It is possible to use the same circuit to drive a lower impedance loud¬ 
speaker fe.g. id to 15 ohms speaker). In this ease the output load must 
be balanced by connecting a 40 ohm resistor in scries with the loud¬ 
speaker , and a loojuF capacitor coupled in parallel across the resistor. 
Tile output will, however, be substantially reduced compared with 
that given by a high impedance speaker. 

A further development of the regenerative circuit is the super 
regenerative receiver, which Is recognized as a distinct type since it operates 
on a somewhat different principle. Whereas in the regenerative receiver 
the sensitivity is limited by the degree of adjustment possible before 
the circuit breaks into oscillation, the super regenerative receiver is 
adjusted to near the point of oscillation and the detector switched in 
and out of oscillation by another oscillator, known as the quench 
oscillator. 

How this is utilized is a Little difficult to follow at first, but the folio wing 
explains the principle involved in simple terms. Oscillation is really 
an amplified burst of energy. In the case of a receiver circuit, RF 
oscillations can build up to a peak determined by die limit that the 
transistor involved can handle. The time that such oscillations Lake 
to build up to their peak will depend on the amplitude of the modulated 
signal received, so we can say that oscillation lime is a measure of the 
original modulation of AF component. Such a super regen oscillator is 
thus capable of acting as a detector. 

To employ such oscillations in this manner requires that they must 
be stopped, or quenched. Time growth to the peak of an oscillation is 
not uniform, however, so it Is better to apply quenching some time 
before the peak is reached. Also the oscillations produced by one 

67 










MAKING TRANSISTOR RADIOS 

quench cycle must die away before the next cycle starts, so that each 
cycle is initiated entirely by the RF signal] and independent of the 
previous cycle. The resulting output will then be a pattern of the RF 
modulation, with a possible gain of many million times from a single 
stage. 

There is, however, one basic snag. For satisfactory performance the 
circuit requires a quench frequency of too to 1,000 times less than the 
signal frequency, which in the case of medium wave broadcast frequen¬ 
cies means that the most suitable quench frequency is liable to lie in 
the audible frequency range, which complicates the design. There is 
also the fact that the receiver is being switched in and out uf oscillation 
at the quench frequency and will tend to act as a weak transmitter of 
signals at this frequency. Tills could affect nearby radio receivers, 
although this is not so important a point as it can be overcome. 

The design of a satisfactory super regen receiver, therefore, is some¬ 
what tricky; and it can also be a tricky circuit to set up Tor satisfactory 
working. If slightly out, it may have a tendency to oscillate uncon¬ 
trollably and simply howl. Nevertheless super regen receivers can be 
made to perform well—as well as a superhet, in Fact, with far less 
components—provided it is appreciated that the circuit is a tricky 
one and needs very careful attention to detail. 

Basically there are two types of layout. The most straightforward 
one uses a separate transistor for the quench oscillator, varying either 
the base or collector bias of die super regen oecillaLor. The other type 
h known as a self-quenching circuit where the quench oscillations are 
derived by feedback. In this case the bursts of oscillation are maintained 
at the same amplitude, but the time be tween each is varied as the input 
signal varies. The action of the oscillations is then blocking or + squeg- 
ging\ 

Two quite simple circuits for super regen receivers are shown in 
Figs. 36 and 37. Whilst capable of satisfactory working these should 
be regarded largely as experimental, and should not be tackled until 
some previous experience has been gained in building and setting up 
simpler types of receivers. Once reasonably familiar with the behaviour 
of such circuits, however, there is no reason why these super regen 
circuits should not be tackled successfully. 

The circuit of Fig. 44 uses a minimum of components and comprises 
just four stages—a tuned circuit, super-regenerative oscillator (which 
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Fig. 44- Simple wper-regenertltiut receiver with quench oJtiifotor, The phonis may bt 
ttpta ' ’' ' ' ‘ * * " 


need with a n;r step-doum transft>T7rtef to work a 3 ohm miniature loudspeaker in areas 

of good signal reception 

06 —fl-«[ pF 

C7—6pF (15 valb D.C.) electrulyiic 
C8—6jiF (15 volts D.G.J electrolytic 
Rl — JO kilohms 


Li—Bo turns 30 j,w,g, wire on feirltc 
rod 

La—15 turns [separate adjustable 
winding) 

L3—20 turns [separate adjustable 
winding) 

L4—RF choke as Fig, 37 

L5, L6—5:1 transformer 

Om oojfiF ftrimmable) 

Ga—0-005jiF (trimmajjlc) 

C3—OOO5/1F 

C4—0-300 pF variable 

G5—0,01 ^jF 


luhms 
Ra—47 Itilohms 
R3—4*7 Filnhms 
R4—0-5 kilohms (variable) 

R5—50 kiiobmj 

' 1 ’Ri—Mullard OC71, or equivalent 
i Ra—Mullard OC44 or equivalent 
TR3—Mullard OC7l„ OCja, Of 
equivalent 


acts as a detector), a separate quench oscillator, and otic stage of audio 
amplification. There is no reason why the phones should not be replaced 
with a ao: i step-down transformer with (he output side connected to a 
3 ohm Loudspeaker, as there should he adequate power at this stage to 
drive a speaker. 

Coils Li, Li and L3 are all wound on the same ferrite rod. Adjust¬ 
ment of the position of L3 relative to L2 is critical since this controls 
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Fig, 43. St{f-<ji££iichifT£ super-rtRtnrraiivt eifadt, Thl phonti eon if* replaced with a fit 
step-down transformer to drii 1 * a 3 ohm mm&tun loudspeaker 


LI —50 turns of 38 s.w.y. wire wQUIld 
on ferrite rod 

Ln—5a turns of 38 iw,g. wire wound 
on top of Li 

Lj, L4 —4-5:1 miniature coupling 
transformer 
Ci—500 pF 
Cn —O‘0Ofl pF 
C3—400 or 500 pF 
C4—6jaF (6 volts 1 >.C.) electrolytic 
C5—6fj,F (6 volts D.C.) electrolytic 


C7—8(iF (6 volts D.C,) electrolytic 
Ri™i70 ofrrcw 
Ra—sso kibhmi 
R3—4 r 7 kilohms 
R4—50 kilohms 
R5—4 r 7 kilohnw 
R6—4 r 7 kilrfimi 
TRt—Milliard OC44, OC45^ or 
equivalent 

TRa— Mallard OC^I, at equivalent 
TR3 —Milliard OC?!, or equivalent 


C6 8^iF (6 volts D.C.) electrolytic 
Nole:R5 and 06 and R6 and C7 may be omitted to save Four components and the 
emitters of TRa and TRg connected directly to the positive line. 


the coupling and thus the oscillation of the OC44 transistor. The receiver 
must be set up until it is just on the point of oscillation, when slight 
variations in the base bias of the transistor will bring it in and out of 
oscillation. Alt the coils, and transformers, should be shielded from 
other components, and component spacing throughout should be 
generous to avoid interaction, which can lead to instability or distortion. 

The other circuit (Fig* 45) is of the self-quenching type, so does not 
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have a separate quench frequency oscillator, and also dispenses with a 
choke in the quenching circuit. Although teas prone to interaction 
between components it is a somewhat more critical circuit to set up. 
In particular, different values of Ri and Ci may have to be tried in 
order to get satisfactory results. Also an external aerial will almost 
certainly be necessary, connected to the tuned circuit, although this 
need only be quite short. 
















CHAPTER 0 


THE SUPERHET 


rnnt superheterodyne, or 'superhef is the Mitt of receiver circuits, 
1 and the type generally employed for most of the more expensive 
commercial seta. The principle advantage it offers is that both the 
selectivity and gain arc independent of the signal frequency, and the 
performance generally superior to any other type* Unfortunately, die 
circuit becomes considerably more complicated—although surprisingly 



Fig'. 46, Block diagram, of the Mpetheicrodyru circuit 


enough far less critical in design —and poses problems in alignment as 
well as in actual construction. 

A block diagram of a superhet receiver is shown in Fig. 46* The 
original broadcast signal (RF) is picked up by the tuned circuit, but is 
then combined with another high frequency signal generated by a 
separate part of the circuit known as the local oscillator. The mixer 
stage then extracts the ‘difference frequency", which it passes on to an 
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amplifier and then to a detector. The detector extracts the AF signal, 
which U then passed on through one or more stages of amplification, 
as necessary; 

This mixing of signals and the extraction of a 'difference frequency 1 
for amplification and detection may seem unnecessarily complicated, 
but it has several advantages. In the first place it makes the receiver 
very much more selective, so that it readily rejects unwanted RF signals. 
The fact that the 'difference Frequency 1 passed on by the mixer is lower 
than RF means that it can be amplified more readily, with less distortion 
than amplification applied dirccdy to RF* and problems associated with 
feedback arc minimized since the amplifier is dealing with a constant 
frequency. 

We will now consider the basic circuit in a little more detail. The 
tuned circuit ia conventional and designed to cover, say, a range of from 
800 to 1,800 kHz, The tuned circuit can thus be adjusted (tuned) to 
pass on any RF signal with a frequency within this band. 

The local oscillator does purely what the name suggests, i.e. it gener¬ 
ates a signal of a specific frequency which is related to the RF frequency 
by a common difference, the difference frequency being known as the 
IF (or intermediate frequency). Since this difference has to be constant 
over the tuning range, It follows that the local oscillator has to ‘tunc 1 
in step with the tuned circuit and shift this tuned frequency up, or dawn, 
by a value exactly equal to the IF, 

The value chosen lor the IF is almost invariably 470 kHz. Standard 
practice is also to apply an upward rather than a downward shift of 
frequency, as this has certain technical advantages. For the tuning 
range given above, therefore, the local oscillator would be designed to 
provide a range of frequencies from 800 -\- 470 = 1,270 kHz to 1,800 4- 
470 =2,370 kHz, in step with the tuned circuit, sweeping the range 
800 to 1,800 kHz. 

The mixer thus receives two RF signals—one at the true RF, direct 
from the tuned circuit, and one at RF plus IF, direct from the local 
oscillator. The result of mixing the two is to extract the difference or 
beat frequency, i.e. the IF frequency which now contains the AF com¬ 
ponents of the original RF signal. This is then amplified and finally 
detected to extract the AF component, with all the advantages of 
working with a relatively low RF frequency (i.e. the intermediate 
frequency of 470 kHz) which is constant as far as the RF signal. 
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There is, in fact, one basic limitation in that 'image’ signals which 
yield the same difference (but with opposite value of the IF) can also 
appear and be passed on. The ratio of the strength of the true signal id 
the false {or image) signal is known as the image ratio, and in order to 
achieve a satisfactory image ratio it is necessary to have good selectivity 
in the design. The choice of a Fairly high IF is also helpful, as this 
shifts the separation of the true and image frequencies (by a value 
equal to twice the intermediate frequency). These are technicalilies 
which need not bother the circuit constructor so much as the circuit 
designer. 

One other feature of the basic superhet circuit shown is ‘feedback’ 
from the detector to the IF amplifier, denoted as AGC or ‘automatic 
gain control’. This provides automatic regulation of the gain of the 
receiver in inverse proportion to the signal strength and thus tends to 
keep the output level of the receiver constant regardless of input signal 
strength. It is not necessarily incorporated in all superhet receiver 
designs, but since it is so simple to arrange—and has obvious advantages 
—it is commonly employed* as it eliminates much of the need to readjust 
the volume control when tuning in to different stations. 

Because the selectivity of a superhet receiver is extremely important 
it is invariably best to employ commercially wound* rather than home¬ 
made, aerial coils for the tuned circuit. These are available in a wide 
variety of types and sizes and normally incorporate separate windings 
for the medium and long wave-bands. Each specific type is related to a 
given size (value) of variable capacitor For tuning over the frequency 
range [s) for which the coil is designed. An advantage offered by most 
commercial coils is that they arc machine wound in the most efficient 
way, rather than limited to relatively straightforward and somewhat 
inefficient coils achieved by hand winding. 

Further to improve the selectivity or the receiver, RF amplification is 
commonly applied immediately following the tuned efreuit, prior to 
the RF signal being passed on to the mixer. This can be done using a 
RF transistor in the simple circuit shown in Fig. 47* capable of giving a 
power gain of up to 20 dB, but there are some important considerations. 
Thus the very fact that an amplifier is used after the tuned circuit 
implies a loading on the tuned circuit which could reduce its selectivity. 
To avoid this it is necessary to couple the RF amplifier to the mixer via 
a RF transformer with a step-down ratio of about 5:1, 
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There is also the chance that the amplifier may tend to become un¬ 
stable and oscillate, calling for additional components to maintain 
stability. One such method is to employ a capacitor and resistor in 
scries connected directly between the transistor base and output, provid¬ 
ing feedback characteristics matched to the characteristics of the 
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lift- 47- Front end of simple superhri circuit, which aha provides RF tsmpliftcaAon. Bias 
hast for the transistor it supplied by Rl and R$. Ry provides DC Jlebilization and C3 if 0 
bypass to priuml negative feedback. The addition of CjJ and R 4 in series between the output 
Ond transistor base is advisable to eliminate any tendency towards ielf-OStillatWR, i.e. to 

provide neutralization 


particular transistor in the circuit Thus what started out as a simple 
RF amplifier circuit has demanded several modifications of detail, and 
some quite skilled knowledge of radio circuit design, in order to become 
a fully acceptable circuit. What is more, we are still only at the very 
front end of the receiver. 

Still further problems arise when we come to consider the local 
oscillator. On the face of it, it seems a relatively simple matter to use 
one half of a ganged tuning capacitor to ensure exact variation with 
the tuned circuit as the variable part of an oscillator circuit having a 
fixed difference equal to the IF. In practice this concept of perfect 
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separation is impossible to achieve, and the deviation of a realistic 
circuit may be quite wide. The best we can hope for is to be able to 
correct this by alignmmp using trimming controls. 

Assuming that we align the two circuits up somewhere near the 
middle of the tuning range we have a fairly Localized range of cons taut 
IF, but considerable discrepancy a & we depart from this tuning point— 
Fig, 48, Lining up at each end of the tuning range U not necessarily 
much better, for here we have large deviation over the middle of the 



Fig. 48, The ideal tif perfect separation of RF md RF pirn IF be achieved in practice 

Alignment hat to be made at fnw or more points over the tuning range. Three-point alignmni 
u usually satisfactory, with minimum deflation if paints t and J art (Ft from the ends of the 

band 

tuning range. Lining up at three points is much better, as shown— 
and better still if the two end points are taken in From the extremes of 
the tuning range. 

Theoretically, at least, dose alignment is more important for the 
lower frequency end than the higher frequency end of the tuning range. 
However, if alignment is concentrated on the lower frequency end, the 
wlwturiiy of the circuit at the upper frequencies may suffer. Thus there 
is no simple, or complete, answer to alignment. It is a matter of arriving 
at the best possible compromise when initially setting up tlic receiver. 
In modern superhet circuits, the local oscillator and mixer are 
commonly combined, the two functions being performed by a self- 
oscillating mixer or auiadj/ne circuit. This has the advantage of saving on 
components and, generally, the frequency stability of the au tody tie 
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circuit is better, which simplifies alignment. The basic circuit involved 
is not complex —see Fig. 49—but the practical circuit would also intro¬ 
duce padders and trimmers to provide a final means of adjustment and 
alignment ; also screening where necessary to eliminate unwanted feed¬ 
back between the tuned circuit and oscillator coiis. The elimination of 
stray capacitance effects is particularly important—so components 



________l 

Fig, 49, Typical stf-osciUnting mixer circuit (aut&dync convertor). La if inductively 
coupled to Lj f producing oscillation at a frequency determined by tla setting of the variable 
capacitor. Thu is fed back to the emitter and recirculated, The output, corn fairing sum and 
difference frequencies amplified, is taken from Lb to a topping point on the tuned primary aj 

the Jmt IF transformer, which selects the IF 

should be kept well spaced to minimize capacity effects and wiring 
lengths should be kept as short as possible (two requirements which can 
be in direct opposition at limes!)* 

Output from the mixer is invariably fed to an IF transformer* which 
receives a mixture of local oscillator frequency, signal frequency and 
sum and difference frequencies of the two. To 'tune’ the circuit to 
resonate at the required (IF) frequency, the IF transformer must he 
associated with a capacitor—Fig. 50* This is usually of fixed value*, 
when alignment of the tuned circuit to the IF is done by varying the 
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inductance of the coil—in practice by adjustment of the iron dust coil 
in the core of the transformer. 

If a single-stage IF.amplifier circuit is used then the IF transformer 
must usually be double ilined (i.e. both coils of the transformer associ¬ 
ated with a capacitor, and tuned). Where two or three stages of IF 
amplification are used then single tuned IF transformers arc usually 
satisfactory. 



The remainder of the circuit then becomes conventional, e.g. a 
crystal diode for the detector followed by one or more stages of AF 
amplification. In practice, the latter normally incorporates a driver 
stage and an output stage, with the output designed to provide the 
power required; winch may range from as little as i milliwatt for driving 
earphones, to 500 milliwatts for driving a small speaker, and up to 
5 watts for driving a large speaker. 

A complete circuit for a six-transistor superhet receiver is shown in 
Fjg. 5 U with a performance capabili ty equal to that of most commercial 
receivers. One Mullard OC44 and two Mullard OC45 transistors are 
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used in the mixer and IF stages. The detector is a germanium diode, 
whilst the audio stages comprise one OC71 transistor as a driver with 
a matched pair of OC72 transistors providing the output For a low 
impedance loudspeaker. Double-tuned IF transformers are recom¬ 
mended for optimum performance. 

All component values are shown on the drawing. A screen should be 
used between the oscillator and aerial sections of the tuning capacitor 
to eliminate undefined feedback. It will be found that Lhe possibility 
of feedback is greatest when the tuning capacitor is tuned to the highest 
frequency (he. has minimum working value}, although tins should not 
be a critical factor. Component placing is also important, particularly 
in the case of the first two stages. 

It is obvious that this circuit—although not very advanced as far as 
superhets go—is rather beyond the capabilities of Lhe inexperienced 
amateur to lay out and construct efficiently* The same comment, in 
general, applies to all superhet receivers; but that is not to say that 
they are beyond the amateur builder’s scope. The answer, in fact, is 
quite a simple one, A considerable number of designs are available in 
kit form, based on printed circuit assembly in which the printed circuit 
panel is complete and pre-d rilled. In other wards, die layout of the 
components is established by the printed circuit panel, so that building 
the set becomes a matter of assembling each component in its correct 
position and soldering in place. The total cast of such a kit is directly 
comparable with the cost of individual components necessary to build 
a similar set. There are also other advantages with a kit set, such as the 
IF transformers being pre^luncd and thus reducing some, at least* Dr 
die difficulties in setting up and aligning a superhet. Alignment con¬ 
structions specifically applicable to that particular circuit are also given in the 
instructions, so that even the virtual beginner can tackle superhet 
construction with a reasonable hope of success. 

For this reason—i.e. the fact that building from kits is undoubtedly 
the most satisfactory of superhet construction Tor the average enthusiast 
—we shall not elaborate further on the possible variations in superhet 
layout and design. Hie circuit shown in Fig. 51 is* however, a perfectly 
practical project For the amateur construe tor who has gained some 
previous experience in superhet construction from kits, provided he 
allows for generous spacing of components and does not attempt to 
produce a minimum size receiver. If he specifically wants a smaller 
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Making transistor radios 

receiver, then Fig. 5a shows a miniaturized version of Lhc original 
Milliard design. This is particularly suitable for laying out on a printed 
circuit panel. 

The following specific notes are, however, appended as a guide for 
the alignment of superhets. The more experienced worker would carry 
out alignment with the aid of a signal generator, although quite satis¬ 
factory results can generally be achieved without the use of this rela¬ 
tively expensive instrument 

Alignment (without a signal generator) will have to be carried out 
using broadcast stations, but the use of one of the following instruments 
is advised as being more suitable than 'adjustment by car J of the signal 
heard in the loudspeaker; 

I* An output meter with an impedance of about 25 ohms which is 
connected to the receiver output in place of the loudspeaker j or 

2* A high resistance voltmeter capable of reading 0—14 or O—^ volts 
A+C. which can be connected across the speech coil of the loudspeaker 
to give a visual indication of the output signal strength. 

Neither of these instruments is essential* however. Provided you have 
a keen ear you can judge the strength of die output signal almost as 
well by listening to the volume of the loudspeaker. 

Having checked die circuit through completely—and this is very 
important as mistakes in connection are easily made—identify the 
aerial and oscillator trimmers and adjust them to approximately mid* 
position. Adjust the tuning control to tune into a station in the middle 
of the medium wave-band, with the volume control turned to maximum. 
If a tuning indicator is incorporated in the set (as it will be with kit 
sets, other than miniature types), the station tuned in will probably be 
way off the indicated position on the dial Adjust the oscillator trimmer 
to bring the station to its proper point on the scale, and/or slide the 
aerial coil along the ferrite rod for adjustment. 

Now turn the complete set one way or the other until the received 
signal is a minimum. If the set has an external aerial, uncouple this so 
that it is working only on the ferrite rod aerial, which will be directional 
and respond to orientation. If the signal is still quite strong in the 
'minimum 11 position, turn down the volume control (if judging volume 
by ear rather than a meter), as it will then be easier to judge any further 
change. Now' adjust the IF transformer cores to maximum signat in this 
'minimum 11 position. Adjustment of the second core may affect the 
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setting of die first, and so on—so repeat adjustment in all cores, as 
necessary, in order to obtain the best possible result* 

Readjust the tuning control to tune into a station near the high 
frequency end of the broadcast band. Adjust the aerial trimmer to align 
with the proper point an the tuning scale (if applicable)* If this 
does not prove practical, adjust both aerial trimmer and oscillator 
trimmer. 

Readjust the tuning control to tune into a station near the high 
frequency end of the broadcast band. Adjust the aerial trimmer and/or 
oscillator trimmer to align with the proper point on the tuning scale 
(if applicable). 

Now check all three stations again, in turn—middle* high frequency 
end, low frequency end—and re-adjust as necessary. Repeal until all 
three stalions are as near correctly aligned as possible, and adjustment 
of one end has no effect on the oilier end. If this proves impossible 
using the trimmers alone, try altering the position of the aerial coil 
on the ferrite rod and start over again. 

Alignment on the long wave-band will usually be quite straight¬ 
forward. All that is usually necessary is to set the tuning control to the 
calibrated position and then slide the long wave coil backwards or 
forwards along the ferrite rod until the scale position lines up. 

Finally, check again the adjustment of the IF transformers for maxi¬ 
mum signal with the receiver in the * minimum strength* receiving 
position. These may, or may not, need readjustment. 

Note; in the care of a miniature superhel when there is no tuning scale and 
the station positions ate 'nominal' or merely marked oit the case, the procedure can 
he simplified. 

First tunc into a strong station in llic middle of the wave band, turn 
the set to ‘minimum strength* receiving position and adjust the IF 
transformer cures for maximum volume. Repeat the process lor typical 
stations at opposite ends of the band, remembering to orient the receiver 
for ‘minimum strength' signal before adjustment in each case. 

Using a signal generator, alignment is more exact and is carried 
ant in two stages. 1 'he IF stages are tackled first, setting the signal 
generator to the IF frequency (usually 47^ kHz)* The signal can be 
applied directly to the base of die IF transistors, working backwards 
through the circuit, via a D'jF. capacitor and 820 ohm resistor in 
scries with the generator outpuL lead (never apply the signal generator 
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making transistor radios 

output lead directly to a component in the circuit)* The IF cores are 
adjusted for maximum output. 

For alignment of the tutted circuit the signal generator is connected 
to a 6 in. loop wound from a 6 ft* length of insulated wire [making 
four complete turns)* with a 390 ohm resistor in one lead* Place this 
loop about two feet from the aerial of the receiver. Adjust trimmers* 
and/or aerial coil position on the ferrite rod* to conform to calibration 
settings for frequencies at the middle and near each end of the band 
concerned. 

In case of real difficulty, then* probably the best answer is to call in 
the services of an expert, or the local radio service shop. The. latter 
will have a signal generator and test equipment and can carry out align¬ 
ment without much, trouble provided tht stt constniLind has or 

utrvng comedms. It is one thing to align a guperhet—which does not 
take an expert long—but quite another matter to find and diagnose a 
fault. The latter can be quite an expensive job, if professional assistance 
is called in and the faults are due to bad workmanship or are particularly 
obscure. 
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CHAPTER 9 

CIRCUIT DESIGN 


O nce having constructed and studied a number of receivers to 
different circuit designs a fairly obvious pattern emerges. Definite 
configurations of components emerge, and the receiver is inevitably 
made up of a n umber of stages coupled together. Furthermore, some of 
these stages, like the tuned circuity detector and audio amplifier, are 
basically the same for any type of receiver, different in detail only. Such 
stages, therefore, have specific design requirements. 

The Tuned Circuit 

This comprises a coil and a capacitor connected in parallel, (Although 
series connection can also be used, with similar results, we can ignore 
this alternative since it is seldom employed in practical receiver designs.) 
The coil is primarily a resistance, but with a fluctuation current passing 
through it (i.t\ the RF signal) its effective resistance is modified, so 
that it Is the inductance which is of primary importance as far as tuning 
is concerned. The resistance of the coil is also significant, however, as 
this will affect the selectivity of the tuned circuit. The lower the resist¬ 
ance of the coil the sharper or more peaky will be the tuning and the 
better the magnification of the signal at resonance or '<£ of the coiJ— 
see Fig. 53. 

This favours the use or coils wound from thicker wire and of relatively 
large diameter, i.e. relatively bulky components which do not fit into 
the compact size normally associated with a transistor receiver. Thus 
aerial coils are, in fact, usually wound from thinner wire, and made 
relatively small in diameter. Any loss of ''QJ or magnification, as a 
consequence, is more than compensated by winding the coil around 
a highly inductive coil, c.g. a ferrite rod. This gTcatly increases the actual 
inductance of the coil, enabling a shorter length of wire to be used 
(decreasing coil resistance) and increases the efficiency of the coil. 
Some loss of selectivity may still be present, however—he. the coll 
lias what is known as broad tuning—but this again can be offset by 
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using special forms of winding (which also increase the coil efficiency 
again). Tins is not essential, however. A simple winding on a ferrite rod 
core can be quite adequate, although proprietary machine-wound coils 
may be preferred as having an assured high efficiency and performance. 


-4-TUNING RANGE - 7 + 

Fig, 53, Tuning of a tuned circuit may be sharply peaked, or rclatictly fiat {with hotter 
magnification}) depending primarily on the resistance of the tuning coil. ‘High if edit are 

necessary for Rwd performance* 


The resonant frequency of the tuned circuit is given by the following 
equation: 

1 0*1593 

resonant frequency = ^ — =r {Ha), 

arry/hC y/LG 

where L is the inductance of the coil in hen ries 
and C is the capacity of the capacitor in farads. 

To tunc over a range of frequencies, either L or C must obviously 
be made variable—usually C by using a variable capacitor (tuning 
capacitor). The coil inductance required is then worked out to match 
the range or ^wing’ or a suitable variable capacitor to give tuning 
capabilities over a specific broadcast band. 

The 'swing’ of common tuning capacitors is from o to 250 or 50 to 
5O0 picofarads. Thus to cover the medium wave broadcast band from 
500 to 1,500 kHz the coil inductance required would need to be of the 
order of 200 ^henries and 100 pi henries respectively. Actually it is 
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CIRCUIT DESIGN 

quite difficult to calculate coil inductance, except for coils wound on an 
open former, and so suitable specifications for the coil are normally 
determined experimentally for a specific diameter of ferrite rod (or 
cross section, of femte slab). Also the coil dues not necessarily have to 
be an exact match. Its inductance can be varied by sliding it along the 
ferrite rod, i.e, altering its position on the rod. If the coil is a 'near 
match 1 , this practical form of adjustment enables correction to be made 
to bring a mid-frequency broadcast station into the middle of the 
‘swing* of the variable capacitor. 

With simple coil windings adjustment of inductance can also be 
made by removing or adding turns. Coils comprising a single winding 
with a Lapping point are known as avta-traTtsforffiert. In this case the 
inductance of the coil can be increased by adding coils to each end j or 
reduced by removing cods from each end in tfo same ratio to the tapping 
point. Thus if the tapping point comes at, say, 16 turns on a 50 turn 
coil, the coil ratio is 16:34 or approximately i:jt, Turns should thus 
be added (or removed) in the ratio of 1 from the 16-turn end to 2 from 
the 34-turn end. This is necessary to retain die auto transformer balance. 
The tapping point, it should be noted, is always nearest the earth end 
with such coils. 

An aerial coil of Lhc auto transformer type is directly coupled to the 
next stage in simple circuits, i.e* a connection is taken directly from the 
tapping point as in Fig 54. Some Tallow up T circuits, however, will not 
accept direct coupling in this manner, when the form of the aerial coil 
can he modified to comprise a main coil with a smaller ‘coupling 1 coil 
wound over one end. This provides transformer coupling—Fig, 54, A 
typical main coil in such cases would comprise about 50 turns on a 
ferrite rod and so turns on die coupling coil The degree of coupling 
can be varied by adding or removing turns on the coupling coil. (In 
practice Lhc coupling coil would be wound with about 30 turns and turns 
then removed until optimum performance was achieved). 

The inductance of coils required to cover the long wave baud (600 to 
a,ooo metres) is not readily achieved with simple windings on a ferrite 
rod (although easy enough with an air cored coil of i-in. diameter by 
extending the number of turns from too to about 225, using 38 s.w.g. 
wire). On a proprietary aerial coil, therefore, the bug wave coil is a 
separate special winding with transformer coupling. The tuned circuit 
then comprises, in effect, two separate pairs of coils switched in and 
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TRANSFORMER GOC#¥/W 

Fig. 54. Two metliods qf £OHipting^-from a tapping paint i>H a toil [sutOtrans/onner coupling) f 
sad by the U.it qf a separate toil inductively coupled to ihe finl (transformer CPUpling) 


out of series connection by a wavechange switch, as in Fig. 55. This is 
a far more satisfactory method than trying to tune over the whole range 
of a single coil, which would crowd a]] the medium wave frequencies 
into a relatively small proportion of the variable capacitor movement. 
Similarly, on more advanced receivers, separate aerial coils and switch¬ 
ing facilities are provided for short wave and VHF coverage, although 
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Fig. 55. Separate atrial wiU are normally timUndfor medium and long wave 
reception (the latter comprising additional turns to be connected in series}. 
The additional coils ait switched into the circuit in scriesj or switched out, 

by the wavechange switch 
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CIRCUIT DESTQN 

the principle of operation of the tuned circuit remains the same in each 
case. 


Detector Stage 

The detector of a transistor receiver is usually a diode which, to work 
as a rectifier, must be associated with a suitable load. This load is 
provided by a resistor —see Fig. 56* If this resistor is made variable, then 
this will form a volume control feeding die detected AF signal to the AF 
amplifier stage(s) of the receiver. In practice the variable resistor or 
potentiometer nearly always has a capacitor connected in parallel 




Fig, 56. The output can twly be developed across a load—a simple ^sifter iti this case. If 
■ mister U pf variable type, this comptmirsl can also arf as a Iwitmre control by determining 
the exact amount of potential difference, and thin An mmt M developed mrots the load 


with it, as this will improve the performance of the detector circuit (the 
same applies when the resistor is of fixed value in simpler circuits)* 
The main limitation ot the diode detector is that its performance 
is very poor if the incoming RF signal is very weak. Thus to receive 
weak signals satisfactorily it may be necessary to improve the efficiency 
or the tuned circuit by the addition of an external aerial' or interpose 
a preamplifier stage for the RF between the tuned circuit and the 
detector, as described iu previous design* (Chapter 5)* Otherwise the 
detector stage h usually the least worry' in the design of the complete 
circuit. 


Transistor Bias and Stabilisation 

In a majority of applications the transistor is connected in what is 
termed common emitter configuration (implying that the emitter lead 
is connected to both the collector and base circuits). The transistor 
then has to be supplied with direct currents in the base-emitter and 
collector-emitter circuits. This can be doue by connections as shown in 
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Fig. 57. Baste transistor amplifie r stage (left). Resistor Ri provides bias for the transistor and 
the output is developed across P load resistor (which can be phones or (hi primary of 0 transformer, 
far a single-stag# output amplifier)* A better performance is realized, however, by providing DC 
itaiili&tiion for the transistor (right). The required liability is given by choosing suitable 
oiuesfiiT Jil T Rs and RE, The capacitor C ‘decouples* RE to reduce AC feedback. One kilohmtr 
is a typical value for RE, but more specific values fat an OCyi transistor are firm below for 

different battery voltages 
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Fig. 57, R i being a bias resistor for the transistor. The bias is necessary 
in order to supply a definite amount of current to the base side rather 
than a controlled voltage. 

The current flowing through the col lector-emitter circuit will be equal 
to the current gain of the transistor (the f beta* of the transistor, times the 
sum of the base-emitter current and the leakage curren t from collector 
to base). Unfortunately, however, the leakage current is not necessarily 
constant. It will rise rapidly with an increase in temperature of the 
transistor, for example* A rise in leakage current will thus cause a rise 
in collector current causing more heating. At best, the set-up is unstable. 
At worst, the final rise in current can be sufficient lo burn out the 
transistor. 





























CIRCUIT DESIGN 

It is thus necessary to provide both bias and stabilization to arrive at a 
Satisfactory circuit, such as shown in the second diagram. Here the bias 
of the transistor is provided by the voltage drops across resistors Ri 
and Ri, The value of these resistors is chosen so that the current flowing 
through the potential divider formed by Ri and Ra is much larger 
than the base current of the tansistgr, This holds the base potential 
reasonably constant regardless of any variations in base current* 

At the same time resistor RE controls the voltage on the emitter. If 
tile collector current rises the voltage dropped across RE will rise and 
die potential difference between die base and emitter will be reduced* 
This will reduce the base-emitter current* which consequently will 
reduce the collector current. Conversely* if the collector current falls* 
compensation will be provided to increase it again* Thus RE provides 
D.C. stabilization, but its presence in die circuit has one undesirable 
effect. It will tend to produce distortion or blocking of AF* However, 
this can be overcome quite simply by by-passing RE with a capacitor, 
thus providing an alternative path for the AF. 

Coupling Methods 

Direct and transformer coupling has already been described in con¬ 
nection with the tuned circuit* Transistor stages need rather more 
Consideration as it is imperative that output from the preceding stage 
and input to the next stage be suitably matched* Thus whilst direct 
coupling is possible, this could upset the current values in the two 
stages and alter the D*C. operating conditions, This, in turn, would 
affect the stabilization and the performance of both stages. Alternative 
methods of coupling are therefore almost invariably used* 

The simplest and most widely used is resistance-capacitor (R-C) 
coupling which s in effect, merely needs a capacitor as the coupling 
element as resistance is already present in the stage —sec Fig, 58. A 
typical value for a coupling capacitor is from 1 to 10 /iF, although lower 
values may be used to reduce the physical size of the component in 
miniature receivers. This value implies the use of an electrolytic 
capacitor. 

Transformer coupling is an alternative method, with the advantage 
that it can also provide: amplification. One transformer coupled stage, 
in fact, can achieve the same gain as two R-C coupled stages. The main 
requirement is that die primary of the transformer must match the 
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output impedance of the transistor, whilst having as low a D.C. resist¬ 
ance as possible; and the turns ratio must match this output impedance 
to the input impedance of the next stage. This normally calls for a turns 
ratio of about 45:1, which is more or less a standard value for coupling 
transformers. There is one inherent disadvantage with transformer 



fl-C COUPLING TRANSFORMED COi/PUNG 


Fig. 58. Two common forms of inter-stage coupling shown in diagrammatic form. R-G 
coupling involves the use of a capacitor only as the resistance (R) component is provided by the 

input resistance of the next stage 

coupling, however. It docs tend to introduce distortion of the signal, 
although this might not be a serious problem. 

Audio Amplifier Stages 

The stabilized cimriL of fig. 57 is a basic transistor amplifier stage 
(known as a class. A amplifier} widely used in simple receiver circuits. 
A typical choice is the DC71 transistor, when suitable values for Kr } 
Ra and RE can be found by reference to the table, when using R-C 
coupling. The by-pass capacitor would be of the order offytF. Note that 
this table also gives a suitable value for the matching collector bad 
resistance. 

Two (or more) such stages can be coupled together with R-G 
coupling. The output load can be high impedance headphones (to 
match the collector load requirements of the circuit as shown in the 
table); or can be used to drive low impedance headphones or a low 
impedance loudspeaker (if sufficient power is available) via a step- 
down transformer, as shown in Fig. 59. 
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CIRCUIT DESIGN 

We can also add a further refinement to this circuit—a tone control, 
as shown in Fig. 59. This consists of a potentiometer and a fixed capaci¬ 
tor connected in parallel with the primary of the output transformer, 
which thus really becomes another tuned circuit* Thus adjustment of 
the potentiometer will vary the resonant frequency of tills circuit, 
favouring 1 treble or base (high or low frequencies) by providing 
additional amplification at the tuned frequency* Typical component 



TRANSFORMED OUTPUT TONE CONTROL 

Fig. 59. Straightforward iTansfumet coupled output to permit use of a faw impedance 
loudspeaker (k-ft). On right it the same circuit with tone nrtinl added. Suitable values for 
the palentiinnetfr and capacitor tire 0^10 kiiohmt and J-O/J? respectively 


values used arc: o-io kilohms for the potentiometer and o-i pF for the 
fixed capacitor. 

Fig. 60 shows quite a different type of A F amplifier output stage, 
known as class B or ‘push-pull’. It is so called because one transistor 
conducts whilst the other cuts off, and vice versa, giving a 'push-puIF 
effect. It is considerably more efficient than a Class A output and also 
has a low current drain. It can thus be regarded as a superior circuit, 
although it is a little more tricky to get working satisfactorily* 

In the first place the transistors employed must be a matched pair, 
i.e. matched for identical characteristics. Also the values of resistors 
Ri and Ra are somewhat, critical. If both transistors arc biased exactly 
to cutnoff ‘crossover* distortion can occur. The simplest way to avoid 
this is to use a variable resistor for Ri and adjust as necessary to eliminate 
this form of distortion* Alternatively, different values of Ri can be 
tried, if fixed resistors are to be employed* 

Class R or push-pull output stages arc invariably used with trans- 
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former coupling to the preceding stage,, this being the most satisfactory 
method of providing the *split p input* 

Other types of Transistors 

The type of transistor used in the circuits so far described are alloy- 
junction transistors, referring specifically to their construction* They 



Flff. Go h Class B push-pull audio amplifier output stage* favoured for four current drain and 
higher efficiency than a single transistor output * It is important Hurt the transistors used It a 
J notched pair. It if also advantageous to use a variable resistor for Ri t or try different I'diutfi, in 

order to eliminate 'jCtaiWKr' distortion 

OCjJ or OCSt transistors are mostly used for Class B amplifiers t when typical oalites for 
a G-tiolt battery circuit would be ; 

Hi—about 8 kilohms (lay 6-8, 8 s dt so kilohms for three possible sizes affixed resistors) 
Ra—180 ohms 

RE- pjo ohms {tsr even omitted and emitters directly connected to positive- line). 


are by Far the most common type, and freely available* For specific 
circuits other types may be preferred because of their more favourable 
characteristics. The two main types in this category are the surface 
barrier transistor, and the silicon planar transistor* 

Surface barrier transistors arc of high frequency type—i.e* they can 
operate at frequencies up to 30 mHz or better, and have excellent per¬ 
formance even when operating with very low currents. They are thus 
particularly suited for miniature receivers using very small batteries. 
Also they are efficient as detectors, making their use in regenerative 
circuits attractive. 
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CIRCUIT DESIGN 

i Thus Fig* 6 i 3 for example, shows a simple regenerative receiver 
circuit using a single surface barrier transistor and a very low battery 
voltage. rJic transistor in this circuit actually performs three functions 
—RF amplifier, AF amplifier aud detector. 



Fjjj. til. Rjgermatfa rtieivtr circuit using surface barrier transistors and eapable of operating 
tffl a t'erp low miiafie ideal for a minisluriz*-d set using Maltary mercury batteries 
Li, La —coils as Fig. 3* r Ra— too ohms 

L3—3 cum coil oil separate sleeve, to be R3—0-5 or 0-10 kilohma potentiometer 
adjusted up and down ferrite rod R4—3^ kilohms 

Cl 1-350 P F variable capaci tor TR—Any type of stirfece barrier 

Ca^O-OIftF tramiatnr 

RI 1 o ohms High impedance phones or deaf-aid car- 

piece 


Silicon planar epitaxial transistors are a more recent type, particu¬ 
larly developed for use in RF and IF stages of modem transistor radios. 
They are of N-P-N type (not F-N-P, which is the common type used 
in this country), and differ also in shape from ordinary transistors. The 
leads are brought out from the base in the form of three rigid self¬ 
locking strips, specially designed for inserting in printed circuit boards, 
Besides having superior performance characteristics to other types 
ot transistors, particularly at higher frequencies, their stability is 
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much better and only simple current biasing may be required in most 
circuits. This involves the use of only one resistor connected in the base* 
collector circuit* as shown in Fig. 62. This can result in a considerable 
saving in components in the whole receiver circuit, as evident from 



Fig, 6a. The simple itabiEzalim possible with a silicon planar 
ircmsistor t tiring only out resistor. Typical vain* for R is soo ohm 


Fig* 63 which shows Hie RF and IF stages of an AM receiver design by 
MuIIard. 

This is a superhet circuit, with a self-osdUating mixer of conven¬ 
tional circuitry. Transformer coupling is used between this and the 
first IF stage; and between the first and second IF stages, and the 
second IF stage and the detector. The complete radio circuit would 
then* of course, have a suitable audio amplifier added on. 

































































CHAPTER io 


PRINTED CIRCUITS 


P jltNtED circuits—or printed wiring, as it is sometimes called—is 
based on a laminate material consisting of thin sheet Paxolin or 
equivalent material on to which is bonded copper foil of 3, 3 or 5 
thousandths of an inch thickness. The base material itself is usually 
-jfc in. thick, but can be greater if relatively large panels are to be used 
to accommodate the component layout. 

The ^tock 1 material is available in panels, which tan be cut to final 
size with a hacksaw or razor saw (the latter produces a much cleaner 
cut). The necessary wiring connections are then drawn on to the copper 
face in 'resist ink’ and unwanted copper then etched away leaving just 
the connections in copper as printed wiring. The panel is then drilled 
so that the components can be mounted in position and soldered in 
place at appropriate points. 

The complete process is far from difficult and can, in Tact, readily be 
tackled by the amateur constructor. For the purpose of detailed explana¬ 
tion we will take just part of a complete circuit—the Class A audio 
amplifier of Pig 57—and sec how to design and make a printed circuit 
for this, starting with just the circuit drawing. 

The first thing is to lay out the components—or draw them full size 
on paper—in a suitable arrangement fnr making the necessary connec¬ 
tions by Lines, representing wiring—Fig. 64. A certain amount of 
adjustment may be necessary in order to arrive at a neat and logical 
arrangement so that crossing wires are avoided, but the actual arrange¬ 
ment is not all that critical. Avoid dose crowding of individual com¬ 
ponents, unless you are experienced in soldering in confined spaces. 
It is best to have them spaced well apart for a first attempt. 

The basic arrangement of components, once decided, will more or 
less fix the overall size of the panel required, i,c. the area in which the 
components are to he mounted. Allow about £ in + all round this for a 
minimum panel size and start another drawing with a box of this size 
on tracing paper—Fig. 65. Using the original rough layout as a guide, 
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Fig, 64, First stage trt planning 4 printed tirarit if to iqp ar drew out thr 
tamponmis in suitable positions anti mark tarmeciing paints required 





Fig, 65. This ts then converted into a 'wiring diagram* with Connecting points tUid 

interconnecting tines 
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mark on all the wiring lines and the various connecting points* as shown. 
This forms the complete pattern For die printed circuit. 

Gut a panel of base material [copper-dad Paxolin) to the same 
outline size. Turn the tracing paper over, lay on the copper side of the 
panel and trace through the wiring pattern. This then transfers the 
pattern on to the copper, bat mirror-image fashion {see Fig 66). It is 



Fiff. 66, A reversed pattern (tracing) is then made on to (hi copper tide of a printed 
circuit panel and painted an HJtlA resist ink or OeiluleSi dope 


necessary that the printed circuit pattern he reversed in this way aa it 
is printed on the bottom of the panel, whereas the original layout for 
the components was made from the top or plain side of the panel— 
and the side on which the components will finally be mounted. 

The complete pattern must now be drawn or painted over with a 
resist ink. You can buy resist ink, or use ordinary cellulose paint or 
model aircraft coloured dope. For neatness, use a ruling pen for marking 
the straight lines, and ink compasses for marking the connecting circles, 
filling in with a paint brush. Connecting lines need to be at least ^ in. 
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PRINTED CIRCUITS 

thick—twice that thickness if you have plenty of room to spare. Then 
leave the painted pattern to dry thoroughly. When quite dry, the 
panel can be etched. 

This involves the use of an etching solution* which can be bought 
by that name. Alternatively you can make your own by making up a 
solution of ferric chloride to which is added a little dilute hydrochloric 
acid; or simply use dilute nitric acid. Both are equally effective as 
etching agcntSj although the ferric chloride solution is usually preferred 
because it does not ^gas 1 so much as straight acid. 



tig. Gj. After immersion iff on ticking retulisn for d suitable time all 
thi topper wilt have been eaten a§ f hi Faxalin panel except jer that 
covered by the rtnii ink er uttuiast dope 


Pour the etching solution into a shallow container of glass or plastic 
(the lid of a plastic sandwich case is ideal or a photographic developing 
dish}. Lay the panel in the solution, copper side up, and gently rock the 
container to agitate the solution. Hie exposed copper will gradually 
be eaten away until only plain Paxolin is left, with the painted-on 
printed circuit. You can speed this process of etching by using a warm 
solution. Thus if heated to 100 degrees f., etching can be completed 
in a quarter of an hour or so, whereas with the solution at normal 
room temperature it may take an hour or more. 

When ah the copper has been etched away (see Fig, 67) the board 
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MARINO TRANSISTOR RADIOS 

can be removed from the solution and washed thoroughly by holding 
under a cold water tap. This will remove any traces or acid* 

The next stage is to remove the resist ink or paint, using a resist 
remover or cellulose thinners, respectively* Simply rub on with a cloth 
and keep rubbing until all the ink or paint has been dissolved away, 
leaving the copper pattern which it has been protecting completely 
exposed* 

The final stage b to drill the holes for mounting the various com¬ 
ponents, The solid circles represent the connecting points for the 
individual component leads, so a hole must be drilled in the centre of 
each of these solid circles. The diameter of a typical component lead 



rMV&f&TOBS 


RESfSTOflS 
6 CAPACfTORS 


YEffflCU MINTING 


&1EEVING ON LEADS 
RECOMMENDED 


PAXOtm fHNEl 


Fig. 68. Mfttodi of mourning component w & pHnttd hoard. Uadi or* sot&rxi 

la ihw capptr JhJ# and *wwf t*ngth of Uad tnmmtd off. 


{except transistors) is 33 s.w.g* or o^oaQ in*, so a A in* or No* 67 drill 
is about right. Make sure that you use a sharp drill (preferably a new 
one) and always drill from the copper side. This will not only enable 
you to centre the drill property in the solid circle but also prevent 
possible damage to the copper you are drilling through. Also ikse a 
backing of fairly hard material under the board so that the plain face of 
the laminate is not damaged when the drill point breaks through \fee 

Fig. 68)* ' . t 

The complete printed circuit panel is now ready to have the com¬ 
ponents mounted in position and soldered in place with one proviso. 
It has been handled quite a bit, and so has probably become finger¬ 
printed and greasy in parts. To ensure good soldered joints, clean the 











































PRINTED CIRCUITS 


copper areas thoroughly by rubbing over with a scouring powder 
until really bright. Then rinse and dry thoroughly on a dean cloth. 

Components are mounted by bending their leads aa that these will 
pass through the appropriate holes in the board, then soldering the leads 
in place to the copper on the underside. Components should not fit 
tight against the board as this reduces the length oflead to a minimum 
with risk of overheating the component when soldering in place. There 
are exceptions, however, such as components with short tags in place 
or wire leads (e,g. transformers), which are mounted flush with the 
board. Transistors and diodes, on the other hand, should always be 
mounted on fairly long leads. 

There are several ways of dealing with the surplus length of leads 
projecting through the board on the copper side. Probably the simplest 
is to solder in place first and then cut off the surplus lead with a small 
pair of side-cutting pliers. The neatest way is usually to cut the lead to 
length first and then solder in place. Some people prefer to cut the lead 
to length, turn over to hold the component in position and then solder. 
This is all right on a widcly-spaced layout, but liable to lead to trouble 
when dealing with a crowded circuit, so it is not to be encouraged as 
good practice. It also makes components more difficult to unsolder 
and remove from the board, if necessary. 

As with other circuit assemblies, soldering should always be completed 
as rapidly as possible—holding the iron in position only for a few 
seconds to complete the joint. If excessive heat is applied to the copper 
it may become delaminated and tend to peel off the Paxolin> although 
it is unlikely that the copper itself will be broken. If a part of the 
copper dors become unstuck it can often be refixed by heating with a 
soldering iron and pressing back in place. If this fails, stick it down with 
a suitable adhesive. A summary of printed circuit soldering techniques 
is shown in Fig, 69, 

Having once made a printed circuit panel and completed a printed 
circuit assembly, the advantages over ordinary wiring up will be 
appreciated. Starting with simple circuit! first, tike an amplifier stage 
which can be allied to different receiver front ends, the amateur will 
soon become quite proficient at the technique and almost invariably 
prefer it for future receiver construction. (A summary of primed circuit 
techniques is shown in Fig, 70,) The only real difficulty with laying out 
more complex circuits is planning the original layout successfully, and 
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Fig, 71. Wham enuittg mndueior lints carnet be avaisied, iht break on ike printed circuit 
panel ten h bridged by 0 short length of insulated wm soldered in piste 


ending up with a reasonably compact panel. But there are certain 
tricks you c&u employ. Thus one or the most common troubles is bow 
to avoid leads crossing, which they obviously cannot do on a printed 
circuit without making a connection! between them. Thus, if crossing 
points cannot be avoided on your layout, simply terminate one of the 
'crossing' leads in connecting points and complete the circuit by 
soldering a ‘jumper* of insulated wire between them, as in Fig 71, 
Similarly, you may find it more convenient—or even necessary—to 
mount some components separate from the printed circuit board and 
connect to suitable points on the printed circuit with external leads. A 
loudspeaker or socket for earphones or a deaf-aid earpiece would 
always be connected to the circuit in this manner, for example* All 
this can be decided at the first stage when laying components nut in 
what appears to be a logical position and then rearranging them as 
necessary in order to arrive at a practical circuit layout. 
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Aerial coils, 43, 87 
AF amplifier, 50 
Alignment, 76, 03 
AM receiver, 37 
amplifier, 17 

Amplitude modulation, 14 
Audio amplifier stages, 32 
Audio frequency (AF), tl 
Autodyne, 76 
Autodyne converter, 77 
Auto-transformer, 87 

Baseboard assembly,, 34 

Base-injected aucodync converter, 7a 

Basic receiver, 17 

Batteries, 29 

Battery symbol, aft 

Broad tuning, fib 

Broadcast bands, ta 

Bus-bar, 34 

Capacitor colour code, 34 

Capacitors, 23 

Carrier signal, 14 

ChrUtmas tree construction, 32 

Circuit symbols, sB 

Class A output, 93 

Class B outpu t, 93 

Coil resistance, 83 

Coil windings, 42, 87 

Coils, a6, 51 

CompopcAt moimtiflgj 103 
Coupling, 87 


Coupling coll, €2 
Coupling methods, $1 
Creasing conductors, toS 
Crystal set* 41 ef wj. 

Crystal set design, 43 
Crystal set with amplifier* 4s 

DC stabilization, gt 
Deaf-aid earpiece, 28 
Detector, 17 
Detector stage, 89 
Difference frequency* 73 
Diode, ap, 43 
Direct coupling* 87 
Dry cells, 29 

Earphones, 17 
Earth, 44 
Electric irons, 37 
Electrical waves, 10 
Electrolytic capacitor* S3 
Etching solution, 101 
External aerial* 44 

Farads, 23 

Faulty soldered joints* 39 
Feed back* 74 
Ferrite rod, 4a 
Four-stage reflex, 59 
Frequency, 1 1 
Frequency modulation, 15 

Headphones, 38 
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Hut shunt, 39 
Hertz, it 

High impedance headphones, 38 

IF transformer), 24 
Image signal, 74 
Impedance, H5 
Inductance, 86 
Intermediate frequency. 73 

Jumper, 106 
Kilocycle, 11 

Limit tp crystal set design, 48 
Local oscillator, 7s 
Long wave band, 13 
Long wave coil, 87 
Loud-hailer, 9 
Loudspeakers, 29 

Mallory mercy ry Cells* &g 
Matched transistors, 93 
Medium wave band, 13 
Medium wave coil, 67 
Megacycle, rt 
Miniaturized superhet, 81 
Mixer, 73 
Modulation, 13 

N-P-N iraneiiton, 37, 93 

Oscillation, 67 

Paxolhi panel, 32, 35 
Prated tuning* E 56 
Pegboard assembly, 35 
Phase changer, 61 
Physical layout, 33 
Planning layout, 33 
P-N-P transistors, 27 
Postage stamp trimmer, 52 
Potentiometer, 33 
Preferred values, 31 
Printed circuit assembly, 36 


Printed circuit board, toe 
Printed circuit layout, 99 
Printed circuit pattern, too 
Printed circuit soldering, 104 
Printed circuit technique, 105 
Push-pull output, 93 

*0] of coil, 85 
Quench, 67 
Qjiench cycle, 68 

Radio frequency (R.F), 11 
Radio waves, 11 
Receiver layout, 3.1 ti siq. 

Reflex circuit, 54 
Reflex receivers, 56 et jpj, 

RF chokes, 57, 5B 
Regenerative receiver, 6t «f iff. 
Resistor colour code, an 
Resistor tolerances, SO 
Resistor values, 19 
Resistors, 19 

Resonant frequency, 41, BE 
R-C coupling, 91 
Resist ink, too 

Screening, 53 

Selectivity, 74 

Self-oscillating mixer, 76 

Self-quenching circuit, 70 

Shielding, 70 

Short wave band, 13 

Signal generator, 83 

Silicon planar epitaxial transistors, 95 

Silicon planar transistor circuit, 96 

Six-translator superhet, 39 

Soldered joints, 37 

Soldering, 37 

Soldering iron, 37 

Sound wave energy', 10 

Sound wavs, 9 

Squcgging, ti8 

Stabilization, 89 

Stabilized circuit, 45 

Super regen receiver design, 69 
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Swing, 86 
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66 
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Tone control, 93 
TRF loudspeaker circuit, 53 
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Transistor ‘beta' value, 90 
Transistor bias, S9 
Transistor crystal set, 46 
Transistor detector, 6 j 
T ransistor holders, 24, 40 
Transistors, 35 
Transmitting stations, 13 
Trimmers, 77 
Tuned circuit, 16, 89 
Tuning capacitor, 42 

Variable capacitor, 34 
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Volume control, 89 

Wave bands, 19 
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Wavelength 12 
Wire transmission, 9 
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BEGINNER'S GUIDE TO 
STAMP COLLECTING 

'An extremely thorough introduction . . * Mr 
Narbeth's beginner's guide will lead young 
people through ell the intricacies of the 
game. Indeed, if they digest all it has Lo offer, 
they wilt emerge budding experts/ - Times 
Educational Supplement 

ISBN 0 7188 0034 S 

COLLECTING BRITISH STAMPS: 

A BEGINNER’S GUIDE 

*ln this book Mr Narbeth covers the whole 
development of British stamps from 1840 
to the present day, dealing with such 
important aspects as plating the classic 'line 
engraveds', postslstationery, regional stamps, 
stamp booklets, slogan postmarks and 
First Day covers. A combination of Mr Nar- 
beth's facile approach and numerous illus¬ 
trations in the text make the complex story 
□f British stamps easy to follow,' - Financial 
Times 

ISBN 0 71 SB 1644 7 

COLLECTING PAPER MONEY: 

A BEGINNER’S GUIDE 

HThis book by one of the world's leading 
authorities should go far towards the de¬ 
velopment of interest in this unusual hobby. 
It contains an account of the history of 
paper money, written in a clear, anecdotal 
style, and includes useful information on 
how and where to obtain material, the cate 
and maintenance of the collection and hints 
on buying, selling and exchanging speci¬ 
mens.' — Financial Times 


ISBN 0 71BB 1301 2 








BEGINNER’S WORKSHOP MANUAL wn o oom 2 

R. H. Warring 

Detailed advice on how to set up an efficient workshop. Power 
tools and their attachments are discussed and the author surveys 
woodworking In detail and includes hints on making joints, finish¬ 
ing techniques, wood carving and turning. 
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PRACTICAL ELECTRONICS ISBN 0 7130 0Q33 B 

Rr H. Warring 

R. H. Warring introduces the reader to meanings of the technical 
terms and symbols used in electronics and gives an easy-to-follow 
survey of basic circuitry. Among the projects covered are automatic 
flashing lights, burglar alarms, sun-powered radios, electronic 
amplifiers, hearing aids and radio control transmitters. 

BEGINNER’S GUIDE TO 

RADIO CONTROL isbn □ 7tas mss * 

R. H. Warring 

Ideal for the model builder who wishes to understand the elements 
of radio control operation; how to install it, how to make the most 
practical use of it. and haw it works. 


CHESS: A BEGINHER’S GUIDE 


ISBN 0 71 SB 1365 0 


S tan/e y Moirison 

A thorough introduction for the chess bBginner which includes 
a novel system of practice exercises and test questions. The book 
also includes a Do-you-know? section to answer readers' ques¬ 
tions, a Glossary of Terms and an Index, and a pull-out reference 
page with helpful diagrams. 


COIN COLLECTING: A BEGINNER S GUIDE 

/?. F, Johnson isbn o 71 aa ma 7 

The author tells the stories of the most Interesting coins, refers to 
both common and rare coins and also deals with the technical 
details of coin collection. Appendices containing information about 
the cost of buying coins are also included. 





